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ABSTRACT 


This  sixth  semiannual  report  presents  results  of 
work  accomplished  during  the  period  1  January  1965  to 
30  June  1965  under  a  program  on  radio  propagation  research 
oin  tropical  vegetated  environments.  The  objectives  of  this 
program  are  to  collect  and  analyze  basic  propagation  data, 
together  with  basic  environmental  data,  needed  to  improve 
the  design  and  operation  of  radio  communications  in  such 
environments. 

The  field  measurements  on  this  program  are  being 
carried  out  in  Thailand  in  a  specially  selected  area  of 
tropical  vegetated  terrain  about  30  miles  in  diameter. 
Measurements  of  transmission  loss  are  conducted  in  the  fre¬ 
quency  range  of  100  kc  to  10  gc ,  with  antenna  heights, 
polarizations,  and  transmission  ranges  as  the  primary  measure¬ 
ment  variables.  Basic  environmental  data,  such  as  terrain 
profiles,  vegetation  characteristics,  and  weather  data  are 
also  collected  and,  through  the  technique  of  statistical 
correlation,  are  used  to  identify  the  quantitative  effects 
of  the  environment  on  propagation  path  loss. 

This  report  continues,  as  has  been  the  case  with 
previous  reports,  with  the  reporting  of  new  data  reduced  di¬ 
rectly  from  the  field  measurements.  This  data  is  presented 
in  graphic  form  in  terms  of  basic  transmission  loss.  How¬ 
ever,  the  major  portion  of  this  report  is  devoted  to  the 
detailed  analysis  of  a  relatively  large  quantity  of  the  field 
data.  The  block  of  measured  data  selected  for  analysis  con¬ 
sists  of  all  the  data  thus  far  obtained  from  one  sector  of 
the  test  area,  designated  as  Radial  A,  and  includes  an 
analysis  of  data  presented  in.  Semiannual  Reports  4  and  5  as 


The  data  is  analyzed  mainly  from  the  statistical 
point  of  view.  Several  families  of  curves  are  presented 
which  display  the  trends  of  the  measured  path  loss  data 
in  relation  to  the  various  measurement  parameters.  The  con¬ 
tinuously  recorded  field  data  generally  exhibits  wide  vari¬ 
ations  and  some  of  this  data  has  been  analyzed  by  means  of  a 
10-level  totalizer  to  obtain  the  statistical  distributions 
of  the  measured  data . 

Ultimately,  a  simple  model  is  sought  by  which  the 
path  loss  can  be  predicted  for  tropical  vegetated  terrains. 
Toward  this  end,  this  report  compares  some  measured  results 
with  a  rough-earth  model  developed  by  Egli  in  1957,  the  model 
being  modified  by  a  "foliage"  factor. 
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1.  INTRODUCTION 


This  sixth  semiannual  report  presents  results  of 
a  program  devoted  to  theoretical  and  experimental  studies  of 
radio  propagation  in  tropical  vegetated  environments.  This 
program  is  sponsored  by  the  Advanced  Research  Projects  Agency, 
Department  of  Defense,  as  a  part  of  Project  SEACORE,  and  is 
directed  by  the  U.  S.  Army  Electronics  Command,  Fort  Monmouth, 
New  Jersey.  The  main  objectives  of  this  program  are  to  collect 

o 

and  analyze  basic  data  on  radio  propagation  in  a  tropical  veg¬ 
etated  environment,  and  to  develop  prediction  techniques  so 
that  a  broad  spectrum  of  improvements  in  the  design  and  opera¬ 
tion  of  tactical  communications  equipments  for  such  environ¬ 
ments  can  be  obtained. 

The  experimental  portion  of  this  program  is  being 
carried  out  in  Thailand  in  cooperation  with  the  Military 
Research  and  Development  Center  in  that  country.  The  fre¬ 
quency  range  of  the  measurements  extends  from  100  kc  to  10  gc. 
The  major  portion  of  the  work  is  devoted  to  the  range  between 
100  kc  and  400  me.  In  this  lower  range  the  acquisition  of  data 
and  other  information  that  can  be  applied  to  the  design  and 
operation  of  vehicular  and  short-range  man-pack  equipment  is 
emphasized. 
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2.  GENERAL  DISCUSSION 


Those  who  are  concerned  with  the  planning  and 
implementation  of  warfare  communications  in  tropical  vege¬ 
tated  environments  soon  encounter  many  problems  in  attempting 
to  evaluate  the  effects  of  the  environment  on  the  perform¬ 
ance  of  the  equipment  they  intend  to  use.  This  is  particu¬ 
larly  true  of  land  mobile  and  man-pack  equipment.  The  same 
kind  of  problems  arise  when  attempting  to  design  and  specify 
new  equipments  to  obtain  better  performance,  or  to  meet  new 
requirements  in  such  environments.  In  either  case,  the 
problems  frequently  stem  from  the  lack  of  a  workable  model 
to  predict  the  quantitative  influence  on  equipment  perform¬ 
ance  of  such  environmental  elements  as  terrain,  climate, 
vegetation,  and  ambient  radio  noise.  Furthermore,  the  pre¬ 
dictions  should  be  expressible  in  quantitative  terms  of 
performance,  or  effectiveness,  to  permit  an  intelligent 
selection  from  among  the  various  alternatives  that  are 
generally  available. 

For  example,  it  would  be  most  useful  to  be  able  to 
confidently  predict  the  effects  upon  the  operating  range  of 
an  existing  man-pack  set  uhen  it  is  to  be  operated  in  some 
specific  tropical  vegetated  area  where  a  military  operation 
is  to  be  carried  out.  Or  it  would  be  useful  to  know  how 
much  improvement  could  be  obtained  under  these  conditions  by 
altering  some  parameter  of  the  radio  set,  such  as  its  antenna 
height,  or  antenna  orientation,  or  frequency.  The  predictions 
necessary  to  resolve  such  alternatives  must  be  obtainable 
through  simple,  direct  means  if  they  are  to  be  effectively 
used  in  the  planning  and  management  of  tactical  communica¬ 
tions  for  the  highly  mobile  situations  characteristic  of 
limited  warfare. 

The  prediction  techniques  necessary  to  these 
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objectives  cannot  be  obtained  through  purely  theoretical 
means.  The  number  of  variables  involved  is  far  too  great  to 
manage  analytically.  Therefore,  the  task  must  be  approached 
through  empirical  methods,  using  data  from  experimental 
measurements  within  the  environment  to  obtain  the  needed 
prediction  models.  Such  an  approach  is  statistical  in 
nature  and  the  analysis  naturally  must  proceed  through 
statistical  concepts  and  methods.  Because  of  the  statisti¬ 
cal  nature  of  the  investigation,  the  answers  obtained  can¬ 
not  be  regarded  as  certain,  but  at  least  it  is  generally 
possible  to  measure  the  amount  of  uncertainty  involved  along 
the  way. 

The  design  and  operation  of  radio  systems  require 
a  prediction  of  power  loss  between  the  transmitter  and  re¬ 
ceiver.  The  power  radiated  from  an  antenna  diverges  and 
spreads  over  a  large  area.  As  a  result,  the  power  available 
at  the  receiving  antenna  is  only  a  small  fraction  of  the 
radiated  power.  The  ratio  of  received  power  to  radiated 
power  has  been  defined  as  radio  transmission  loss  and  this 
quantity  determines  whether  the  received  signal  will  be 
useful.  The  magnitude  of  this  ratio  is  primarily  a  function 

of  propagation  distance  and  can  vary  over  a  very  large  range, 

20 

in  some  cases  as  much  as  10  ,  or  200  decibels.  Among  the 

many  factors  that  must  be  considered  in  radio  systems  engi¬ 
neering,  transmission  loss  probably  is  the  most  significant. 

The  total  array  of  factors  affecting  communications 
performance  falls  into  two  broad  categories:  those  associated 
with  equipment  performance,  and  those  associated  with  the  in¬ 
fluence  of  the  environment  on  the  propagation  mechanism.  Since 
transmission  loss  includes  the  power  gain  of  the  transmitting 
and  receiving  antennas,  it  cannot  be  identified  exclusively 
with  either  of  the  above  categories.  But  if  transmission  loss  is 
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converted  to  basic  transmission  loss  by  adding  the  antenna 
power  gains  referred  to  isotropic  antennas,  and  if  the  an¬ 
tenna  gains  are  regarded  as  equipment  performance  factors, 
basic  transmission  loss  then  becomes  identified  exclusively 
with  the  environmental  category  of  factors.  A  reasonable 
hypothesis,  therefore,  is  that  the  influence  of  the  physical 
environment  on  radio  communication  performance  from  antenna 
to  antenna  is  related  entirely  through  the  parameter  of  basic 
transmission  loss. 

In  a  tropical  vegetated  area  practically  all  of  the 
above  factors  come  into  play.  The  experimental  program  in 
Thailand  was  carefully  designed  to  isolate  and  study  these 
factors,  as  well  as  their  interrelationships,  by  means  of 
experimental  measurementr  of  radio  transmission  loss.  The 
basic  experimental  variables  are  frequency,  height  of  the 
transmitting  antenna,  height  of  the  receiving  antenna,  trans¬ 
mitting  antenna  polarization,  terrain  characteristics, 
climate  and  ambient  radio  noise.  The  basic  approach  being 
taken  involves  measurement  and  analysis  of  the  natural  en¬ 
vironmental  elements  just  as  carefully  as  the  measurement  and 
analysis  of  the  propagation  data. 

However,  because  the  experiments  in  Thailand  are 
being  conducted  entirely  in  one  type  of  tropical  region,  the 
vegetation  parameters  in  these  measurements  cannot  be  re¬ 
garded  as  an  experimental  variable  in  relation  to  basic  trans¬ 
mission  loss.  Rather,  they  should  be  regarded  in  the  sense 
of  a  constant.  To  introduce  variations  into  the  vegetation 
parameters  the  experiments  must  be  moved  and  conducted  in  a 
different  vegetation  environment.  In  this  regard,  the  pres¬ 
ent  program  plan  anticipates  carrying  out  these  experiments 
next  in  a  tropical  rain  forest  region,  in  contrast  with  the 
wet-dry  tropical  region  prevailing  in  Thailand. 
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Previous  reports  have  described  the  experimental 
procedures  employed  in  Thailand,  and  have  presented  a  con¬ 
siderable  amount  of  data  resulting  directly  from  the  field 
measurements  prior  to  the  application  of  a  more  detailed  data 
analysis.  The  purpose  of  doing  this  was  to  provide  this 
data  to  interested  government  agencies  that  are  currently 
involved  in  a  variety  of  communication  problems  related  to 
similar  environments.  The  data  evidently  has  been  quite 
helpful  in  this  respect,  and  interest  in  the  data  has  been 
expressed  from  several  different  points  of  view.  However, 
much  of  this  interest  appears  to  be  concerned  more  with  the 
analysis  of  the  data  than  with  the  direct  application  of  the 
data  as  first  reduced  from  field  measurements. 

During  the  current  reporting  period,  a  sufficiently 
large  quantity  of  field  data  was  accumulated,  and  appropri¬ 
ately  reduced,  to  permit  the  beginning  of  a  comprehensive 
analysis.  Consequently,  a  large  portion  of  this  report  is 
devoted  to  the  presentation  of  this  analysis  in  considerable 
detail  and  it  is  hoped  that  the  results  in  this  report  will 
be  interesting  and  useful.  However,  the  techniques  and  re¬ 
sults  presented  here  should  not  be  regarded  as  the  program 
end  objectives.  They  are  only  a  step  toward  these  objectives 
—  a  means  to  the  end,  so  to  speak.  The  end  objectives  re¬ 
quire  that  much  of  the  complexity  that  is  characteristic  of 
radio  propagation  predictions  be  removed,  and  that  the  pre¬ 
diction  techniques  utlimately  developed  will  be  easily 
applicable  to  the  problems  at  hand.  Much  work  remains  to  be 
done  to  reach  these  ends. 

The  purpose  of  Section  3  of  this  report  is  to  pre¬ 
sent  new  field  data  that  has  been  reduced  during  this  report¬ 
ing  period.  Section  4  is  devoted  to  analysis  of  a  larger 
block  of  field  data,  including  field  data  that  has  been  pre¬ 
sented  in  previous  semiannual  reports.  For  reasons  which  will 
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become  clear  in  the  discussions,  some  of  the  new  data  ob¬ 
tained  during  this  period  has  been  inclu  ad  in  Section  4. 
Section  4  also  includes  a  comparison  of  the  results  from  the 
experimental  data  with  those  obtained  with  existing  propa¬ 
gation  models  for  unvegetated  terrain.  Markedly  good  agree¬ 
ment  was  obtained  with  a  foliated  ough-earth  model  whose 
rough-earth  statistics  were  given  by  Egli  in  1957. 

In  Section  4.6  an  example  is  presented  to  demon¬ 
strate  one  method  of  applying  the  results  of  this  report  to 
a  practical  communications  problem.  The  operating  charac¬ 
teristics  of  an  AN/PRC-10  are  selected  as  a  set  of  equipment 
parameters  and  the  "communication  margin"  at  various  per 
cent  confidence  levels  is  calculated  for  a  tropical  vegetated 
terrain. 

The  frequency  range  of  the  measurement  program  in 
Thailand  has  been  extended  to  10  gc,  the  measurements  con¬ 
sisting  chiefly  of  line-of-sight  transmissions  over 
obstacle,  refractive  index  measurements  along  the  -of- 

sight  path,  and  measurements  of  short-range  transmissions 
directly  through  foliage.  Discussion  of  progress  in  this 
phase  of  the  program  is  presented  in  Section  5.  Sections 
6,  7,  and  8  deal  with  technical  film  reports,  meetings  and 
conferences,  and  project  personnel,  respectively. 
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3.  RESULTS  OF  FIELD  MEASUREMENTS 


3 . 1  Summary  of  Measurements 

The  raw  data  being  obtained  in  Thailand  can  be 
classified  under  five  general  categories:  (1)  field  point 
data,  (2)  vehicular  data,  (3)  background  noise,  (4)  climato¬ 
logical  data,  and  (5)  terrain  and  tropical  vegetation 
characteristics . 

The  field  point  data  consists  of  those  propagation 
measurements  which  are  made  at  fixed  points  within  the 
vegetation.  For  any  one  field  point  measurement,  the  fre¬ 
quency,  polarization,  distance  and  transmitting  antenna  height 
are  held  constant  while  receiving  antenna  height  is  varied. 

The  vehicular  data  consists  of  continuously  recorded  field 
strength  as  a  function  of  distance  within  the  radial  sectors. 
The  transmitting  systems  used  for  field  point  measurements 
and  vehicular  measurements  are  identical. 

New  field  point  data  is  presented  in  Section  3.4 
of  this  report.  Terrain  data  pertinent  to  Radial  B  is  pre¬ 
sented  in  Section  3.3,  Since  presentation  of  the  other 
categories  of  data  requires  a  significant  amount  of  data 
analysis,  they  more  appropriately  are  included  in  Section  4. 
Vehicular  data  is  presented  and  discussed  in  Section  4.3.3, 
climatology  data  in  Section  4.4.1,  tropical  vegetation  data 
in  Section  4.4.2,  and  noise  data  in  Section  4.5. 


3 .2  Basic  Data  Format 

Following  the  practice  used  in  past  reports,  this 
report  presents  measured  field  strength  data  in  the  form  of 
basic  transmission  loss.  A  detailed  discussion  of  basic 
transmission  loss  and  the  derivation  of  a  general  equation 
used  for  converting  measured  field  strength  values  to  basic 
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transmission  loss  appears  in  Semiannual  Report  Number  4.  The 
equation  used  to  carry  out  the  conversion  is  repeated  below. 

1^-36.57+20  log  f  +  20  log  E*  -  20  log  E(meag)  (1) 

where 

-  Basic  transmission  loss  in  db . 
f  -  Frequency  in  megacycles. 

Et  -  Unattenuated  field  strength  in  ^jv/m  expected 
from  the  transmitting  system  at  one  mile. 

E.  v  =  Any  measured  value  of  field  strength  produced 
^meas;  a  distant  point  as  a  result  of  radiation 

from  the  transmitting  system  used  to  determine 
E  above. 

The  transmitting  antennas  which  have  been  used  in 
the  measurement  program  are  summarized  in  Table  I.  Table  I 
provides  a  brief  description  of  the  antenna  and  a  statement 
of  the  expression  used  to  determine  20  log  El  for  use  in 
equation  1. 

3.3  Propagation  Path  Profiles 

Field  strength  measurements  are  currently  being 
made  along  two  trail  systems.  The  two  trails  have  been  desig¬ 
nated  Radial  A  and  Radial  B.  A  detailed  map  and  profiles  of 
the  Radial  A  system  are  presented  in  Semiannual  Report  Number  4. 
The  Radial  B  trail  system,  which  runs  generally  in  a  south¬ 
westerly  direction  from  the  base  camp,  is  shown  in  Figure  3.1 
of  this  report.  The  profile  contours  indicated  on  Figure  3.1 
are  in  meters.  Also  shown  in  Figure  3.1  are  the  locations  of 
field  points  and  radial  points.  Field  points  are  defined  as 
those  fixed  locations  at  which  measurements  are  made  as  a 
function  of  receiving  antenna  heights;  radial  points  are  used 
as  reference  distances  from  the  transmitter  when  making 
vehicular  trail  measurements.  The  radial  distance  to  each  of 
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TRANSMITTING  ANTENNAS 
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the  field  points  and  their  terrain  elevations  are  given 
below. 


Distance 

Height 

Field  Point 

(Miles) 

(Meters) 

FPB-1 

0.2 

450 

FPB-2 

0.45 

450 

FPB-3 

0.7 

450 

FPB-4 

1.0 

470 

FPB-5 

2.0 

480 

FPB-5. 5 

3.0 

500 

FPB-6 

4.3 

450 

FPB-7 

6.7 

350 

FPB-8 

10.5 

380 

FPB-9 

14.2 

365 

FPB-10 

19.0 

760 

In  addition 

to 

the  field  points 

listed  above, 

there  are  four  other 

field  points,  designated  FPB-8. 5, 

FPB-9. 5,  FPB-11,  and 

FPB- 

■12,  which  are  not 

accessible  by 

trail  and  require  the 

US€ 

i  of  a  helicopter 

to  transport 

measuring  equipment . 

These  poihts  lie  at 

radial  distances 

of  11.4,  15.3,  21.6, 

and 

28.9  miles,  respectively,  from 

base  camp. 

Figures  3.2  through  3.9  show  the  terrain  elevation 
profiles  between  the  transmitter  and  each  field  point.  These 
profiles  indicate  that  field  points  that  lie  within  1  mile 
of  the  transmitter  (FPB-1  through  FPB-4)  would  constitute  line- 
of-sight  paths  in  the  absence  of  vegetation  and  field  points 
beyond  1  mile  (FPB-5  through  FPB-12)  constitute  beyond-the- 
horizon  paths.  The  Radial  A  system,  described  in  Semiannual 
Report  Number  4,  has  a  line-of-sight  ” cut-off”  point 
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approximately  1.5  miles  from  the  transmitter,  again  assuming 
the  absence  of  vegetation. 

3 .4  Vs  Antenna  Height 

Figures  3.10  through  3.55  represent  new  field- 
point  data  which  has  been  reduced  during  the  current  re¬ 
porting  period.  The  information  contained  in  these  figures 
coupled  with  similar  information  presented  in  Semiannual 
Reports  4  and  5  form  a  basic  set  of  measured  data.  This  type 
of  data  is  continuously  recorded  r-s  the  receiving  antenna  is 
raised  from  an  elevation  of  about  13  feet  to  80  feet  above 
ground  level.  Since  the  fine-grain  variation  of  the  signal 
with  elevation  is  generally  small,  the  continuous  recording 
is  broken  down  into  equal  increments  of  antenna  height  and 
then  the  median  signal  level  for  each  increment  is  plotted. 
The  increment  chosen  corresponds  to  about  6  feet  of  tower 
height  and  provides  roughly  12  to  13  median  signal  levels 
for  each  curve.  The  fine-grain  variability  in  field  strength 
obtained  from  this  data  is  presented  in  Section  4. 3. 2.1 

It  has  been  found  convenient  to  use  a  systematic 
method  of  identifying  the  various  sets  and  families  of  curves 
similar  to  the  ones  shown  in  Figures  3.10  through  3.55.  The 
following  identification  has  been  adopted  and  is  used 
universally  throughout  this  report  in  identifying  specific 
curves . 

I*  -  F(f,  Ht,  P,  d,  Hr) 

The  above  format,  which  is  used  to  identify  each 
graph,  relates  the  basic  transmission  loss  derived  from 
measurements  to  five  basic  variables:  frequency,  in 
megacycles  (f);  transmitting  antenna  height,  in  feet,  (H^): 
polarization,  horizontal  or  vertical,  (P) ;  distance,  in 


3-6 


miles,  (d);  and  receiving  antenna  height,  in  feet,  (Hr>.  An 
example  is  the  identification  found  in  Figure  3.10, 

=  Fa(25.5,  21,  V,  d,  Hr>.  This  identification  denotes 
that  the  receiving  antenna  height  and  distance  were  varied 
while  the  other  three  variables  remained  fixed  at  the  values 
indicated . 

Although  d,  the  separation  distance  between  trans¬ 
mitter  and  receiver,  remains  constant  for  a  given  measurement 
in  height,  the  family  of  curves  shown  in  each  graph  is 
generated  by  a  variation  of  d.  For  this  reason  no  specific 
value  of  d  is  used  in  the  identification  in  Figures  3.10 
through  3.55.  Instead,  the  value  is  specified  on  the 
applicable  curve  itself. 

The  subscript  "A”  denotes  that  the  data  pertains 
to  Radial  A.  A  subscript  "B"  denotes  data  pertaining  to 
Radial  B. 

In  order  to  assist  in  the  correlation  of  the  data 
given  in  Section  3.1  to  weather  conditions  or  to  time  of 
year,  each  curve  given  in  Figures  3.10  through  3.55  is 
identified  in  more  detail  in  Appendix  B.  In  addition  to  the 
information  given  on  the  curves,  the  exact  date  of  measure¬ 
ment  and  the  measurement  number  is  given  in  Appendix  B. 
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Figure  3.1  Radial  Points  and  Field  Points  Along  Trail  B 
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Figure  3.3  Terrain  Profile  Between  Transmitter  and  Field  Points  FPB-4  and  FPB- 
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Figure  3.7  Terrain  Profile  Between  Transmitter  and  Field  Point  FPB- 
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Figure  3.8  Terrain  Profile  Between  Transmitter  and  Field  Point 
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Figure  3.9  Terrain  Profile  Between  Transmitter  and  Field  Point  FPB-10 
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Figure  4.2G  Measured  Results,  L.  Vs  Frequency 
L.  =  F.  (f ,  80,  V,  d?  20) 
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Figure  4.21  Measured  Results,  L.  Vs  Frequency 
U  =  F.(f,  80,  V,  d?  80) 
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4.2.2  Theoretical  Models 

The  first  logical  step  in  any  attempt  to  develop 
a  model  which  represents  radio  propagation  in  vegetated 
areas  is  to  compare  the  measured  results  with  values  to  be 
expected  over  similar  paths  which  are  not  vegetated.  Assum¬ 
ing  it  is  possible  to  adequately  describe  propagation  over 
unvegetated  terrain,  the  differences  are  attributable  to 
factors  associated  with  the  vegetation.  Thus,  one  problem 
of  considerable  importance  is  a  knowledge  of  propagation 
over  treeless  terrain.  This  problem  has  received  consider¬ 
able  attention  for  many  years.  Although  this  problem  has 
not  been  solved  analytically,  there  are  several  possibilities 
for  approximate  solutions,  a  number  of  which  will  be  given 
in  the  following  sections, 

4.2.2. 1  NBS  Model 

An  examination  of  the  terrain  profiles  for  Radial 
A  which  are  given  in  Semiannual  Report  Number  4  indicates 
that  the  terrain  is  such  that  in  the  absence  of  vegetation, 
the  transmitting  and  receiving  antennas  would  always  be 
intervisible  at  ranges  of  less  than  1.5  miles.  The  terrain 
profiles  further  show  that  the  two  antennas  would  never  be 
intervisible  at  ranges  beyond  1.5  miles.  In  this  section 
attention  will  be  directed  to  the  distance  ranges  beyond  the 
radio  horizon,  i.e.,  ranges  greater  than  1.5  miles.  In 

October  1955  Norton,  Rice  and  Vogler  published  a  paper 
designed  to  provide  simple  formulas  suitable  for  estimating 
median  transmission  loss  for  paths  extending  beyond  the 
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radio  horizon.1  These  methods  appear  most  recently  in  NBS 
Technical  Note  101.^ 

Two  general  types  of  propagation  paths  are  possible 
for  Radial  A  at  a  separation  distance  of  1.5  miles  or  more. 

The  first  consists  of  those  paths  for  which  the  transmitting 
and  receiving  antennas  have  the  same  radio  horizon.  The 
second  consists  of  those  paths  for  which  the  transmitting 
and  receiving  antennas  have  different  radio  horizons.  In 
the  first  case  the  path  is  looked  upon  as  a  knife  edge  and 
in  the  second  case  the  path  is  simply  called  a  ’'rough-earth” 
path . 

For  knife-edge  calculations  the  following  loss 
formula  is  used. 

1W?6-57  +  20  log  dmi  +  20  log  fmc  (2) 

+  A(V)  -  G(Bte)  -  G(Bre) 

For  rough-earth  calculations,  the  following  formula  is  used. 

LM  -  10  log  dml  +  £crK(kte),bo1  +  ^c[K(kre),b°]  +  16.67  log  (3) 

•  G,flt(kte)Jl  -  G'I,r(kre)J+  10  log  Co  (kt)  +  10  log  Cc  (kr) 

+  488.69  fjt,  6rIK(kt),b°  Co(kt)  a  +  g^^k^.b0  C^J^Ub 

L  L 

V.  J 

1.  K.  A.  Norton,  P.  L.  Rice,  L.  E.  Vogler,  "The  Use  of 
Angular  Distance  in  Estimating  Transmission  Loss  and 
Fading  Range  for  Propagation  Through  a  Turbulent  Atmos¬ 
phere  Over  Irregular  Terrain,"  Proc.  IRE,  October  1955. 

2.  NBS  Technical  Note  101,  "Transmission  Loss  Predictions 
for  Tropospheric  Communication  Circuits,"  May  7,  1965. 


4-45 


The  rather  complicated  terms  in  these  two  equations 

are  presented  and  explained  in  Semiannual  Report  Number  2. 

These  equations  have  been  programmed  on  a  digital  computer 

and  many  comparisons  have  been  made  between  measured  &rd 

computed  results.  The  results  of  the  comparisons  have 

neither  conclusively  supported  nor  invalidated  the  theoretical 

model,  as  will  be  demonstrated  shortly.  Much  of  the  uncertainty 

arises  from  tne  factors  G(fi,  )  and  G(fl  ),  which  appear  in 

xe  re 

both  the  rough-earth  and  knife-edge  equations.  The  function 
G(flte)  represents  in  part  the  effects  of  reflection  between 
the  transmitting  antennas  and  the  terrain  obstacle  which 
forms  the  radio  horizon  for  the  transmitting  antenna.  This 
function  is  intimately  dependent  upon  terrain  details  between 
the  transmitter  and  its  radio  horizon.  In  addition,  definite 
criteria  as  to  when  the  function  is  to  be  used  and  when  it  is 
not  to  be  used  are  not  available.  The  function  G(Hre)  in¬ 
cludes  the  effects  of  reflection  between  the  receiving 
antenna  and  the  terrain  obstacle  which  forms  its  radio 
horizon.  There  is  the  same  uncertainty  as  to  the  applica¬ 
bility  of  G(fl  )  as  with  the  applicability  of  G(R,  ). 

rc  ic 

In  order  to  explore  the  effect  of  these  G(fl) 
functions,  data  at  25.5  me  and  100  me  will  be  used  as  ex¬ 
amples.  Figure  4.3  compares  measured  results  and  NBS  theo¬ 
retical  results.  The  points  on  the  theoretical  curve  marked 
K  correspond  to  points  at  which  a  knife  edge  was  assumed  to 
exist,  i.e.,  where  the  transmitting  and  receiving  antennas 
had  common  radio  horizons.  The  points  on  the  theoretical 
curve  marked  R  correspond  to  points  at  which  rough-earth 
conditions  prevailed,  i.e.,  points  at  which  the  two  antennas 
had  different  radio  horizons.  Figure  4.3  shows  that  in  many 
cases  the  theoretical  loss  is  greater  than  measured  loss. 

Figure  4.4  shows  a  similar  comparison  between  measured  data 
and  the  NBS  model  without  the  G(fi)  functions.  Figures  4.5 


and  4.6  give  a  similar  set  of  comparisons  for  100  me. 

At  each  distance  there  are  four  loss  figures 
which  could  be  deduced  from  the  theoretical  model:  (1) 
theory  including  both  G(Hte>  and  G(Rre),  (2)  theory  including 
G(®te>  only>  (3)  theory  including  G(Rre)  only  and  (4)  theory 
with  neither  of  the  G(fl)  functions.  Since  there  is  a  great 
deal  of  uncertainty  as  to  just  when  the  G(H)  functions  are 
to  be  applied  and  when  they  are  not,  it  is  logical  to  ask  if 
there  is  some  combination  of  possible  choices  at  each  dis¬ 
tance  which  fits  the  data  well.  First  to  be  considered  is 
the  case  of  the  closest  possible  fit  to  the  measured  data. 
Figure  4.7  shows  the  result  of  choosing  the  best  possible 
fit  from  the  four  theoretical  choices  for  path  loss  avail¬ 
able  at  each  distance.  A  theoretical  point  is  marked  T,  if 

the  theoretical  calculation  included  G(fl,  )  but  not  G(fl  ). 

te  re 

A  theoretical  point  is  marked  R  if  the  reverse  is  true.  If 
the  point  is  marked,  T,R,  both  functions  were  used,  and  if 
the  point  is  not  marked,  neither  function  was  used.  Figure 
4.7  applies  to  25.5  me.  A  similar  comparison  is  shown  in 
Figure  4.8  for  100  me. 

On  the  assumption  that  there  is  some  effect  from 
the  vegetation,  the  same  experiment  was  tried  again  with  the 
goal  of  obtaining  a  best  theoretical  fit  corresponding  to  a 
loss  of  approximately  10  db  less  than  the  measured  data. 

The  agreement  was  excellent  for  25.5  me,  as  is  shown  in 
Figure  4.9.  The  results  at  100  me  are  shown  in  Figure  4.10. 

Results  of  the  type  snown  in  Figures  4.3  through 
4. 6. indicate  that  the  theoretical  formulas  are  not  completely 
suitable  as  they  now  stand.  However,  results  of  the  type 
shown  in  Figures  4.7  through  4.10  indicate  that  the  methods 
might  be  applicable  if  proper  criteria  governing  the  use  of 
the  G(fl)  functions  could  be  established.  This  matter  is 
receiving  further  study. 
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Distance  (Miles) 

Figure  4.3  Comparison  Between  Measured  Results  and  NBS  Model  Including  G(fl)  Functions 

L,  =  F .  (25 . 5  ,  80,  V,  d,  80) 
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Rough-Earth  Diffraction 


Path  Loss  Including  G(Hte) 

Path  Loss  Including  G(Hre)  _ 
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th  Loss  Including  GCBte) 
th  Loss  Including  G(Ere) 

Path  Loss  Including  G(Ste)  and  G(Sre) 


Figure  4.9  Best  Fit  10  db  Below  Measured  Results 
L.  *  F.  (25.5,  80,  V,  d,  80) 


and  G(Bre) 


4. 2. 2. 2 


Computer- Induced  Statistical  Terrain  Model 


The  NBS  model  is  being  explored  with  the  hope  that 
it  will  predict  terrain  effects  with  reasonable  accuracy 
when  terrain  details  are  known.  In  this  way  a  realistic 
assessment  of  the  effect  of  vegetation  may  be  made. 

The  NBS  methods  are  relatively  complex  and  require 
a  detailed  knowledge  of  terrain.  It  is  not  anticipated  that 
the  method  would  ever  be  practical  for  operational  predic¬ 
tions.  However,  the  model,  if  valid,  could  be  used  to  arti¬ 
ficially  sample  a  range  of  possible  terrain  profiles  and 
generate  a  statistic  which  realistically  represents  the 
propagation  over  rough  terrain. 

One  attempt  has  been  made  to  generate  a  statistic 

% 

with  the  NBS  model.  Ten  straight-line  radials  were  drawn 
from  the  transmitting  site  through  the  area  occupied  by 
Radial  A.  The  10  radials  cover  Trail  A  as  shown  in  Figure 
4.11.  Propagation  loss  was  calculated  by  means  of  a  computer 
as  a  function  of  distance  along  each  of  the  10  radials.  A 
sample  of  the  results  is  shown  in  Figure  4.12.  The  results 
shown  in  Figure  4.12  include  both  G(H)  functions.  The  pri¬ 
mary  information  of  interest  is  the  median  value  and  range 
of  loss  values  at  each  distance.  As  Figure  4.12  shows,  the 
range  of  possible  loss  values  as  predicted  by  the  NBS  model 
is  quite  large.  The  data  which  has  been  obtained  in  this 
way  is  referred  to  as  the  "computer-induced  statistic.” 

Figure  4.13  compares  measured  data  at  25.5  me  and 
the  median  of  the  computer-induced  statistic,  including  and 
excluding  the  G(H)  functions.  .Figure  4.14  provides  the  same 
comparison  at  100  me. 
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Figure  4.11  Radials  Used  to  Obtain 

Computer-Induced  Statistic 
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4. 2. 2. 3  Smooth-Earth  Model 

The  smooth-earth  propagation  equations  presented  by 
Norton^  in  1941  have  been  compared  with  measured  data.  In  the 
medium  high-frequency  range  and  below,  the  smooth-earth  model 
has  been  found  to  closely  represent  the  propagation  loss  for 
short  distances  when  the  path  is  void  of  foliage.  Figure  4.15 
gives  the  smooth-earth  model  for  a  ground  conductivity,  o,  of 
0.03  mhos  per  meter  and  a  relative  permittivity,  s,  of  15. 
Figures  4.16A  through  4.16K  compare  the  smooth-earth  model  to 
measured  data.  For  tVe  three  low  frequencies,  two  smooth-earth 
curves  are  shown.  One  curve  represents  a  "good”  ground  while 
the  other  is  typical  of  very  poor  ground.  The  purpose  of 
plotting  the  range  of  loss  for  extreme  values  of  ground  con¬ 
stants  was  to  investigate  the  possibility  of  attributing  the 
measured  loss,  in  excess  of  free-space  loss,  totally  to  ground 
losses.  This  investigation  was  not  made  in  the  HF  range  since 
an  apparent  foliage  effect  is  present. 

In  Figure  4.15  the  effect  of  interference  between 
a  direct  ray  and  a  ground-reflected  ray  can  just  begin  to  be 
seen.  A  similar  effect  is  common  to  the  100-mc  measured 
data  although  the  effect  is  much  more  pronounced  in  the 
measured  data.  The  smooth-earth  model  also  shows  a  falling 
off  in  the  distance  range  from  0.2  to  0.5  miles  at  250  and 
400  me.  A  similar  falling  off  is  found  in  almost  all  of  the 
measured  250-  and  400-mc  data. 


3.  K.  A.  Norton,  ’’The  Calculation  of  Ground-Wave  Field 
Intensity  over  a  Finitely  Conducting  Spherical  Earth,” 
Proc .  IRE,  pp.  623-639,  December  1941. 
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Figure  4 . 16A  Comparison  Between  Measured  Results 
and  Smooth-Earth  Model 
L-  =  F. (0.105,  80,  V,  d,  20) 
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Figure  4.16B  Comparison  Between  Measured  Results 
and  Smooth-Earth  Model 
L.  =  F.  (0.300,  80,  V,  d,  20) 
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Figure  4 . 16D  Comparison  Between  Measured  Results 
and  Smooth -Earth  Model 
L.  =  Fa  (2.0,  80,  v,  d,  20) 
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Figure  4 . 16F  Comparison  Between  Measured  Results 
and  Smooth-Earth  Model 
L,  =  F  A (12 .0,  80,  V,  d,  20) 
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Figure  4.16G  Comparison  Between  Measured  Results 
and  Smooth-Earth  Model 
U  -  F. (25. 5,  80,  V,  d,  20) 
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Figure  4.16H  Comparison  Between  Measured  Results 
and  Smooth-Earth  Model 
L.  =  F  A  ( 50 . 0  ,  80,  V,  d,  20) 
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4. 2. 2. 4  Egli’s  Hough-Earth  Model 

The  National  Bureau  of  Standards  is  currently  work¬ 
ing  on  a  statistical  model  for  rough  terrain.  This  model  is 
based  upon  the  analysis  of  a  large  number  of  propagation 
measurements  which  have  been  made  within  the  United  States. 

It  is  very  likely  that  the  NBS  statistical  model  and  the 
data  which  went  into  the  model  will  be  an  invaluable  aid  in 
identifying  terrain  effects  in  the  tropical  vegetation  data. 

Unfortunately,  this  program  has  not  been  completed  and  data 
is  not  yet  available. 


A  terrain  model  based  on  a  more  limited  set  of 

4 

terrain  data  has  been  suggested  by  Egli.  The  Egli  model  is 
discussed  in  detail  in  Semiannual  Report  Number  1.  This  model 
is  based  upon  the  plane  earth  propagation  equations  plus  a 
statistical  terrain  factor.  Consider  Eglifs  equation, 


40  \  h8V  Pt 
95  ds 


uv/m 


(4) 


where 

Ecq  =  median  field  over  all  locations 
m  d  miles  away 

Pt  =  power  transmitted  in  watts 

h  ,  h2  ■  transmitting  and  receiving  antenna 
heights  in  feet 

d  =  separation  distance  in  miles. 


4.  J.  J.  Egli,  ’’Radio  Propagation  Above  40  me  Over  Irregular 
Terrain,”  Proc.  IRE,  October  1957. 
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The  basic  transmission  loss  equation  can  be  ex* 


pressed  as 

1^  =  36.57  +  20  log  fnc  +  20  log  Eq  -  20  log  E  (5) 

where 

E  =  4.359  x  103*£7  uv/m  for  a  half-wave 
°  dipole.  t 

Taking  E  in  the  above  equation  to  be  Egli's  E^q 
and  introducing  a  vegetation  or  "foliage”  factor,  F.F. ,  the 
following  equation  results. 

Lb  =  116.57  +  20  log  fmc  +  40  log  dmi  -  20  log  (hx  hg )  +  F.F. 

where  the  two  antenna  heights  are  measured  in  feet. 

The  foliage  factor,  F.F.,  which  appears  in  the 
above  equation  was  derived  from  available  measured  data. 

The  foliage  factor  for  horizontal  and  vertical  polarization 
is  shewn  plotted  on  Figure  4.17.  It  is  interesting  to  note 
that  the  foliage  factor  for  both  horizontal  and  vertical 
polarization  follows  a  straight  line  except  at  25  me.  Since 
Egli's  model  was  derived  for  frequencies  of  40  me  and  above, 
there  is  some  question  of  its  applicability  at  25  me.  How¬ 
ever,  a  possible  discrepancy  of  some  10  db  in  measured  data 
at  25  me  for  vertical  polarization  was  noted  in  Section  4.2.1. 
It  is  interesting  to  note  that  a  resolution  of  this  dis¬ 
crepancy  at  25  me  would  tend  to  make  the  foliage  factor  at 
25  me  follow  the  straight  line  predicted  at  the  other  fre¬ 
quencies  . 

The  foliage  factor  as  deduced  by  comparing  Egli's 
statistical  terrain  model  with  measured  data  has  an  increasing 
effect  with  frequency.  The  effect  for  horizontal  polarization 
is  less  than  the  effect  for  vertical  polarization  at  the  lower 


(6) 
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frequencies  but  tends  toward  the  same  value  at  higher  fre¬ 
quencies.  The  foliage  factor  does  not  appear  to  be  depend¬ 
ent  upon  distance,  which  may  be  surprising  in  view  of  results 
presented  in  previous  reports.  This  matter,  too,  needs  fur¬ 
ther  study  to  resolve. 


Egli 

fs  model  predicts  a  normal 

distribution  about 

each  median  value  whose  standard  deviation  is  a  function  of 

distance.  The 

statistical  terrain  parameters  suggested  by 

Egli  are  summarized  below. 

Standard 

10%  to  90% 

Frequency 

Deviation 

Range 

(me) 

(db) 

(db) 

25 

4.6(estimated) 

12 (estimated) 

50 

6.1 

16 

100 

7.7 

20 

250 

9.2 

24 

400 

10.7 

28 

In  order  to  compare  the  model  based  on  Eglifs  ter¬ 
rain  factors  with  measured  data,  the  following  procedure  was 
used.  Basic  transmission  loss  curves  based  on  measured  data 
were  prepared  at  each  polarization  and  frequency  for  the 
following  pairs  of  transmitter-receiver  antenna  heights: 

80-80,  80-40,  80-20,  40-80,  40-40,  40-20,  13-80,  13-40,  and 
13-20  feet.  Equation  6  was  used  to  predict  a  corresponding 
set  of  propagation  curves.  Each  predicted  curve  was  sub¬ 
tracted  from  the  corresponding  measured  curve  and  the  differ¬ 
ence  was  plotted  as  shown  in  Figure  4.18.  A  figure  similar 
to  Figure  4.18  was  prepared  for  each  frequency  and  polariza¬ 
tion.  The  conglomeration  of  curves  shown  in  Figure  4.18  was 
discarded  and  only  the  upper  and  lower  envelopes  were  retained. 
Figures  4.19A  through  4 . 19 J  show  these  envelopes  for  the  var¬ 
ious  frequencies  and  polarizations  considered.  Superimposed 
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on  these  envelopes  of  measured  data  are  hree  straight . lines. 
The  middle  straight  line  represents  the  median  prediction  and 
the  two  outer  straight  lines  represent  the  10  per  cent  and  90 
per  cent  limits  of  Egli's  terrain  factor.  These  figures  show 
that  the  over-all  comparison  is  q*; ‘.te  good.  In  general,  the 
effect  of  terrain  can  be  seen  to  decrease  the  loss  from  that 
expected  at  1  to  2  miles  and  increase  the  loss  from  that  ex¬ 
pected  at  about  7  miles.  This  is  due  to  the  gross  features 
of  the  particular  set  of  profiles  which  pertain  to  Radial  A 
and  would  probably  average  out  over  a  large  number  of  differ¬ 
ent  terrain  profiles. 
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Figure  4.18  Sample  Composite  of  Measured  Results  Normalized  to  Egli  Model 
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Figure  4.19A  Comparison  Between  Measured  Results  and  Egli  Model 

L.  =  F.  (25 . 5  ,  13-80,  V,  d,  -60) 


ftlftl 


Figure  1.19B  Comparison  Between  Measured  Results  and  Egli  Model 

L.  =  F.  (50 ,  13-80,  V,  d,  20-80) 
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Figure  4.19C  Comparison  Between  Measured  Results  and  Egli  Model 

C  -  F.(100,  13-80,  V,  d,  13-80) 


Till 


Figure  4.19D  Comparison  Between  Measured  Results  and  Egli  Model 

L.  =  F. (250 ,  13-80,  V,  d,  20-80)  . 


Figure  4.19E  Comparison  Between  Measured  Results  and  Egli  Model 

L.  =  F, (400 ,  13-80,  V,  d,  13-80) 


■Ill 


Figure  4.19F  Comparison 'Between  Measured  Results  and  Egli  Model 

U  -  F. (25. 5 ,  13-80,  H,  d,  20-80) 


Kill 


Figure  4.19K  Comparison  Between  Measured  Results  and  Egli  Model 

L.  =  F. (100 ,  13-80,  H,  d,  20-80) 
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Figure  4.191  Comparison  Between  Measured  Results  and  Egli  Model 

L.  =  F.(250,  13-80,  H,  d,  20-80) 


Figure  4.19J  Comparison  Between  Measured  Results  and  Egli  Model 

L,  =  F, (400 ,  13-80,  H,  d,  20-80) 
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Time  and  Spatial  Variations  of 

4.3.1  Time  Variability 

Since  this  program  is  primarily  interested  -in  the 
study  of  propagation  losses  as  a  function  of  spatial  varia¬ 
bles,  no  comprehensive  study  has  been  made  of  time  variables 
of  path  loss.  However,  recordings  of  signal  strength  vs 
time  are  made  fbr  short  periods  of  time  as  a  routine  proce¬ 
dure  of  the  field  point  measurement  program.  This  data  is 
useful  in  improving  the  accuracy  of  the  field  strength  meas¬ 
urements  . 

Tables  Ila  through  Hr  summarize  the  time  varia¬ 
bility  noted  at  various  frequencies  and  polarizations  along 
Radial  A.  The  table  is  subdivided  by  frequency  and  polariza¬ 
tion.  The  first  column  within  each  subdivision  of  these 
tables  gives  the  numerical  identifier  of  the  field  point  at 
which  the  measurement  was  made.  The  second  column  gives  the 
radial  distance  between  the  transmitter  site  and  the  field 
point.  The  third  and  fourth  columns  give  the  transmitting 
and  receiving  antenna  height.  The  fifth  column  gives  the 
maximum  variation  which  was  observed  in  the  received  field 
over  the  time  period  given  in  the  sixth  column.  In  all  cases, 
the  signal  which  was  received  was  the  same  standard  test 
signal  used  for  all  field  point  measurements. 

This  data  provides  a  valuable  insight  into  the 
short-term  time  variability  within  the  foliated  environment. 

The  range  of  variation  indicated  by  the  data  is 
relatively  small.  Thus,  short-term  time  variability  is  in 
general  not  a  primary  factor  at  the  ranges  and  under  the 
propagation  conditions  covered  by  these  measurements. 


I 
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Table  11a.  Short-Term  Time  Variability 


=  Fa(0.105,  Ht,  V,  d,  Hr) 


Field 

Point 

D 

Distance 

(Miles) 

A 

Ht 

(Feet) 

X 

Hr 

(Feet) 

r 

Maximum 

Variation 

(db) 

Time 

Period 

(Minutes) 

1 

0.2 

80 

8 

0 

0.56 

3 

0.7 

80 

8 

0.5 

0.60 

5 

2.0 

80 

8 

0 

0.65 

5.5 

3.0 

80 

8 

0.2 

0.50 

6 

4.0 

80 

8 

0.1... 

0.62 

7 

7.0 

80 

8 

0.2 

'  0.55 

8 

10.5 

80 

8 

0.2 

0.25 

9 

14.0 

80 

8 

0.4 

0.39 

10 

17.0 

80 

8 

0.1 

0.53 

Table 

lib.  Short* 

-Term  Time  Variability 

-  Fa(0.300,  Ht,  V, 

d .  Hr) 

Field 

Point 

Distance 

(Miles) 

Ht 

(Feet) 

H 

r 

(Feet) 

Maximum 

Variation 

(db) 

Time 

Period, 

(Minutes) 

1 

0.2 

80 

8 

0.3 

0.66 

2 

0.45 

bO 

8 

0.4 

0.75 

3 

0.7 

80 

8 

0 

0.50 

5.5 

3.0 

80 

8 

0 

0.49 

7 

7.0 

80 

8 

0.5 

0.50 

8 

10.5 

80 

8 

0.2 

0.28 

9 

14.0 

SO 

8 

0.1 

0.53 

10 

17.0 

80 

8 

0 

0.36 
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Table  lie.  Short-Term  Time  Variability 
Ljj  =  FA (0.880,  Ht,  V,  d,  Hr) 


Field 

Point 

Distance 

(Miles) 

Ht 

(Feet) 

Hr 

(Feet) 

Maximum 

Variation 

(db) 

Time 

Period 

(Minutes) 

1 

0.2 

80 

8 

0.2 

0.58 

2 

0.45 

80 

8 

0.5 

0.44 

3 

0.7 

80 

8 

0.9 

0.70 

5.5 

3.0 

80 

8 

0 

0.62 

6 

4.0 

80 

8 

0.2 

0.46 

7 

7.0 

80 

8 

0.6 

0.30 

8 

10.5 

80 

8 

0.7 

0.80 

9 

L4.0 

80 

8 

0.4 

0.44 

Table  lid. 

Short- 

-Term  Time 

Variability 

Lb 

“  fa<2> 

Ht,  V,  d, 

V 

Field 

Point 

Distance 

(Miles) 

Ht 

(Feet) 

Hr 

(Feet) 

Maximum 

Variation 

(db) 

Time 

Period 

(Minutes) 

4 

1.0 

80 

4 

0 

0.40 

4 

1.0 

80 

8 

0.2 

0.38 

8 

10.5 

80 

8 

2.2 

0.94 

9 

14.0 

80 

8 

1.2 

0.92 

10 

17.0 

80 

8 

1.3 

1.14 
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Table  lie.  Short-Term  Time  Variability 


h  -  FA(6>  Ht’  V’  d’  Hr> 


Field 

Point 

Distance 

(Miles) 

D  n 

Ht 

(Feet) 

Hr 

(Feet) 

r 

Maximum 

Variation 

(db) 

Time 

Period 

(Minutes) 

4 

1.0 

40 

8 

0 

0.42 

5 

2.0 

40 

4 

0 

0.20 

5 

2.0 

40 

8 

0.2 

0.28 
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Table  Ilf.  Short-Term  Time  Variability 
Lb  =  Fa(25.5,  Ht,  V,  d,  Hr 


Field 

Point 

Distance 

(Miles) 

Ht 

(Feet) 

Hr 

(Feet) 

Maximum 

Variation 

(db) 

Time 

Period 

(Minutes) 

1 

0.2 

80 

11 

0.5 

1.20 

2 

0.45 

80 

11 

1.2 

1.06 

3 

0.7 

80 

11 

0.3 

0.80 

4 

1.0 

80 

11 

0.9 

0.78 

5 

2.0 

80 

11 

0.6 

0.86 

5.5 

3.0 

80 

11 

0.55 

0.66 

6 

4.0 

80 

11 

0.7 

0.76 

10 

17.0 

80 

11 

2.0 

0.34 

1 

0.2 

13 

8 

0.85 

0.66 

2 

0.45 

13 

18 

0.3 

0.58 

2 

0.45 

13 

82 

2.1 

0.84 

3 

0.7 

13 

8 

0.1 

0.30 

3 

0.7 

13 

82 

0.2 

1.22 

4 

1.0 

13 

8 

0.1 

0.94 

4 

1.0 

13 

82 

0 

0.64 

5 

2.0 

13 

8 

1.3 

1.48 

5 

2.0 

13 

82 

2.9 

1.06 

5.5 

3.0 

13 

8 

1.4 

0.84 

5.5 

3.0 

13 

82 

0.8 

0.76 

6 

4.0 

13 

82 

1.5 

1.50 
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Short-Term  Time  Variability 


Table  Ilg. 

S 

Field 

Distance 

Point 

(Miles) 

8 

10.5 

8 

10.5 

1 

0,2 

1 

0.2 

4 

1.0 

4 

1.0 

5 

2.0 

5 

2.0 

5.5 

3.0 

5.5 

3.0 

6 

4.0 

7 

7.0 

8 

10.5 

8 

10.5 

9 

14.0 

9 

14.0 

1 

0.2 

1 

0.2 

2 

0.45 

2 

0.45 

3 

0.7 

3 

0.7 

4 

1.0 

4 

1.0 

5 

2.0 

5 

2.0 

8 

10.5 

8 

10.5 

9 

14.0 

Fa(50,  Ht,  V,  d 


Ht 

(Feet) 

Hr 

(Feet) 

80 

7 

80 

11 

40 

11 

40 

81 

40 

17 

40 

81 

40 

17 

40 

81 

40 

11 

40 

81 

40 

11 

40 

81 

40 

17 

40 

81 

40 

17 

40 

81 

13 

17 

13 

81 

13 

17 

13 

81 

13 

17 

13 

81 

13 

17 

13 

81 

13 

17 

13 

81 

13 

11 

13 

82 

13 

82 

Hr> 


Maximum 

Variation 

(db) 

Time 

Period 

(Minutes) 

0 

0.40 

0 

0.31 

1.2 

0.52 

0 

1.00 

0 

0.84 

0 

0.52 

0 

0.62 

0 

1.04 

0.5 

0.48 

0.8 

0.68 

0.2 

0.60 

0.4 

0.70 

1.8 

0.90 

0 

0.70 

1.8 

0.79 

0.2 

0.74 

1.3 

0.98 

0.7 

0,68 

0 

0.60 

0 

0.54 

0 

0.78 

0 

0.92 

0.9 

2.57 

1.0 

0.91 

0.8 

1.30 

0 

0.60 

0.1 

0.19 

0.5 

1.22 

0 

0.36 
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Table  Ilh.  Short-Term  Time  Variability 
I'b  “  Fa(100,  Ht>  V,  d,  Hr) 


Field 

Pcint 

Distance 

(Miles) 

Ht 

(Feet) 

Hr 

(Feet) 

Maximum 

Variation 

(db) 

Time 

Period 

(Minutes) 

1 

0.2 

40 

11 

3.0 

0.86 

2 

0.45 

40 

11 

0.7 

0.58 

3 

0.7 

40 

11 

1.5 

0.41 

5*5 

3.0 

40 

11 

0 

0.20 

6 

4.0 

40 

11 

1.2 

0.47 

7 

7.0 

40 

11 

5.0 

0.46 

1 

.  0.2 

13 

11 

6.0 

1.27 

5.5 

3.0 

13 

11 

1.5 

1.42 

5.5 

3.0 

13 

82 

1.7 

3.16 

6 

4.0 

13 

66 

2.5 

0.85 

6 

4.0 

13 

82 

2.3 

2.18 

i 


I 
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Table  III.  Short-Term  Time  Variability 


1^  =  Fa(250,  Ht,  V,  d,  Hr) 


Field 

Point 

D 

Distance 

(Miles) 

A 

Ht 

(Feet) 

i 

Hr 

(Feet) 

A 

Maximum 

Variation 

(db) 

Time 

Period 

(Minutes) 

1 

0.2 

40 

17 

1.0 

0.34 

1 

0.2 

40 

82 

0.5 

0.44 

2 

0.47 

40 

11 

2.0 

1.30 

3 

0.7 

40 

17 

0.4 

0.22 

4 

1.0 

40 

11 

0.6 

0.76 

5 

2.0 

40 

82 

2.1 

0.50 

5.5 

3.0 

40 

81 

0.8 

0.84 

6 

4.0 

40 

81 

0.2 

0.44 

1 

0.2 

13 

18 

1.5 

0.56 

1 

0.2 

13 

82 

0.8 

0.34 

3 

0.7 

13 

11 

0 

0.0 

4 

1.0 

13 

18 

0.1 

0.67 

5 

2.0 

13 

82 

1.0 

0.44 

5.5 

3.0 

13 

82 

0.7 

0.88 
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Table  Ilj.  Short-Term  Time  Variability 
=  Fa(400,  Ht,  V,  d,  Hr) 


Field 

Point 

'Kstance 

(Miles) 

Ht 

(Feet) 

Hr 

(Feet) 

Maximum 

Variation 

(db) 

Time 

Period 

(Minutes) 

1 

0.2 

80 

11 

1.5 

0.66 

2 

0.45 

80 

11 

0 

0.39 

3 

0.7 

80 

11 

2.6 

0.57 

3 

0.7 

40 

11 

1.4 

0.65 

1 

0.2 

13 

11 

0 

0.52 

1 

0.2 

13 

82 

1.1 

0.77 

2 

0.45 

13 

11 

0 

0.40 

3 

0.7 

13 

11 

0 

1.84 

3 

0.7 

13 

82 

1.7 

1.76 

4 

1.0 

13 

11 

0.4 

1.13 

4 

1.0 

13 

81 

1.1 

0.78 

5.5 

3.0 

13 

11 

0.7 

1.16 

Table  Ilk. 

Short- 

Term  Time 

Variability 

■  V2 

,  Ht,  H, 

d,  Hr) 

Field 

Point 

Distance 

(Miles) 

Ht 

(Feet) 

Hr 

(Feet) 

Maximum 

Variation 

(db) 

Time 

Period 

(Minutes) 

1 

0.2 

40 

8 

1.8 

1.08 

2 

0.45 

40 

8 

1.6 

0.70 

3 

0.7 

40 

8 

1.3 

0.50 

5.5 

3.0 

40 

8 

0.1 

0.51 
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Table  III .  Short-Term  Time  Variability 
1^  -  Fa(6,  Ht>  H,  d,  Hr) 


Field 

Point 

Distance 

(Miles) 

Ht 

(Feet) 

V 

(Feet) 

Maximum 

Variation 

(db) 

Time 

Period 

(Minutes) 

4 

1,0 

80 

4 

0 

0.46 

4 

1.0 

80 

8 

0.1 

0.40 

1 

0.2 

40 

8 

0 

0.44 

2 

0.45 

40 

8 

0.6 

3.01 

5.5 

3.0 

40 

8 

1.0 

0.50 

7 

7.0 

40 

8 

0.3 

0.22 

Table  Ilm. 

Short-Term  Time  Variability 

Lb 

-  V12> 

Ht,  H, 

d,  Hr) 

Field 

Point 

Distance 

(Miles) 

Ht 

(Feet) 

Hr 

(Feet) 

Maximum 

Variation 

(db) 

Time 

Period 

(Minutes) 

1 

0.2 

80 

8 

0 

0.40 

5.5 

3.0 

40 

8 

0.1 

0.46 
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Field 

Point 

Table  Iln. 

Distance 

(Miles) 

Short-Term  Time  Variability 
-  Fa(25.5,  Ht,  H,  d,  Hr) 

tt  n  Maximum 

t  r  Variation 

(Feet)  (Feet)  (db) 

Time 
Period 
(Minutes I 

1 

0.2 

80 

8 

0 

0.82 

1 

0.2 

80 

18 

0.2 

1.40 

2 

0.45 

80 

8 

0 

0.68 

2 

0.45 

80 

82 

0.2  , 

0.66 

5 

2.0 

80 

11 

0 

0.48 

5 

2.0 

80 

82 

0.5 

0.82 

5.5 

3.0 

80 

11 

0.2 

0.20 

5.5 

3.0 

80 

78 

0.8 

0.88 

6 

4.0 

80 

11 

0.4 

0.72 

6 

4.0 

80 

78 

0.9 

0.68 

7 

7.0 

80 

18 

1.2 

0.52 

7 

7.0 

80 

78 

0.6 

0.36 

8 

10.5 

80 

18 

4.0 

0.86 

8 

10.5 

80 

78 

3.0 

1.32 

9 

14.0 

80 

17 

0.4 

0.44 

9 

14.0 

80 

78 

0 

0.68 

10 

17.0 

80 

78 

1.1 

0.48 

1 

0.2 

- 

40 

17 

1.3 

0.53 

1 

0.2 

40 

81 

1.3 

0.50 

2 

0.45 

40 

18 

0 

0.60 

2 

0.45 

40 

82 

0 

0.43 

3 

0.7 

40 

17 

0.4 

1.36 

3 

0.7 

40 

81 

0.3 

1.56 

4 

1.0 

40 

17 

0 

0.32 

4 

1.0 

40 

81 

0.2 

0.48 

5 

2.0 

40 

17 

0.2 

0.46 

5 

2.0 

40 

81 

1.0 

0.48 
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Table  Iln(Continued) .  Short-Term  Time  Variability 
1^  -  Fa(25.5,  Ht,  H,  d,  Hr) 


Field 

Point 

Distance 

(Miles) 

Ht 

(Feet) 

Hr 

(Feet) 

Maximum 

Variation 

(db) 

Time 

Period 

(Minutes) 

5.5 

3.0 

40 

81 

0.4 

0.34 

6 

4.0 

40 

14 

0.7 

0.34 

6 

4.0 

40 

81 

0.9 

0.34 

7 

7.0 

40 

17 

0 

0.71 

7 

7.0 

40* 

78 

0 

0.56 

8 

10.5 

40 

17 

0.4 

0.75 

8 

10.5 

40 

81 

0.2 

0.63 

9 

14.0 

40 

17 

0 

0.32 

9 

14.0 

40 

81 

0.1 

0.54 

2 

0.45 

13 

18 

0 

0.60 

2 

0.45 

13 

82 

0 

0.61 

3 

0.70 

13 

18 

2.2 

3.48 

4 

1.0 

13 

18 

0.3 

0.74 

4 

1.0 

13 

82 

0.6 

0.99 

5 

2.0 

13 

18 

0.7 

1.38 

5 

2.0 

13 

82 

0.1 

2.36 

5.5 

3.0 

13 

18 

0.1 

0.40 

7 

7.0 

13 

82 

0.2 

1.50 

8 

10.5 

13 

11 

0.1 

0.71 

8 

10.5 

13 

82 

0.1 

1.23 

Table  IIo. 

Short-Term  Time 

Variability 

Lb 

-  Fa(50, 

Hf  H> 

d,  Hr) 

Field 

Point 

Distance 

[Miles) 

Ht 

(Feet) 

Hr 

(Feet) 

Maximum 

Variation 

(db) 

Time 

Period 

(Minutes) 

1 

0.2 

80 

U. 

0.4 

0.70 

2 

0.45 

80 

11 

1.0 

0.86 

3 

0.7 

80 

11 

0.5 

0.96 

4 

1.0 

80 

11 

0.4 

0.69 

* 

2.0 

80 

11 

0.6 

0.96 

5.5 

3.0 

80 

11 

0.5 

1.40 

5.5 

3.0 

80 

82 

0.2 

0.60 

6 

4.0 

80 

11 

1.4 

0.90 

2 

0.45 

40 

11 

0.4 

0.40 

2 

0.45 

40 

81 

0 

1.16 

3 

0.7 

40 

13 

0.3 

0.55 

3 

0.7 

40 

Si 

0 

0.32 

4 

1.0 

40 

11 

0 

0.68 

4 

1.0 

40 

81 

0 

0.80 

5 

2.0 

40 

11 

0 

0.70 

5.5 

3.0 

40 

11 

0 

0.97 

8 

10.5 

40 

17 

0.5 

0.38 

8 

10.5 

40 

81 

0.4 

0.57 

9 

14.0 

40 

81 

0.6 

0.57 

10 

17.0 

40 

17 

0.4 

0.63 

10 

17.0 

40 

81 

0.2 

0.73 

3 

0.7 

13 

17 

0 

0.68 

3 

0.7 

13 

81 

1.1 

0.52 

4 

1.0 

13 

17 

0.2 

0.84 

4 

1.0 

13 

81 

0.4 

1.48 

5 

2.0 

13 

18 

0.5 

0.61 

5 

2.0 

13 

81 

0.3 

1.05 

5.5 

3.0 

13 

18 

0.1 

0.40 

5.5 

3.0 

13 

81 

0.4 

0.92 

6 

4.0 

13 

18 

0.5 

0.62 
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Table  IIo  (Continued).  Short-Term  Time  Variability 


h, 

-  V50' 

Ht,  H,  d, 

Hr> 

Field 

Point 

Distance 

(Miles) 

(Feet) 

Hr 

(Feet) 

Maximum 

Variation 

(db) 

Time 

Period 

(Minutes) 

6 

4.0 

13 

81 

0.7 

0.84 

7 

7.0  o 

13 

82 

0.2 

0.95 

8 

10.5 

13 

82 

0.4 

1.75 

Table  Up. 

Short-Term  Time  Variability 

-  Fa(100, 

Ht,  H, 

d,  Hr) 

Field 

Point 

Distance 

(Miles) 

Ht 

(Feet) 

Hr 

(Feet) 

Maximum 

Variation 

(db) 

Time 

Period 

(Minutes) 

3 

0.7 

80 

17 

0.9 

0.59 

3 

0.7 

80 

81 

1.8 

1.92 

4 

1.0 

80 

17 

1 . 5 

0.80 

4 

:.o 

80 

81 

0.9 

0.85 

5 

2.0 

80 

11 

0.9 

0.70 

5.5 

3.0 

80 

17 

0.5 

0.65 

5.5 

3.0 

80 

81 

0.2 

0.92 

6 

4.0 

80 

18 

0.9 

0.59 

6 

4.0 

80 

82 

0.9 

1.46 

7 

7.0 

80 

17 

0 

0.68 

7 

7.0 

80 

78 

0 

0.69 

8 

10.5 

80 

78 

0.6 

0.78 

9 

14.0 

80 

78 

0.9 

0.51 

3 

0.7 

40 

17 

0.9 

1.11 

3 

0.7 

40 

81 

0.7 

0.90 

4 

1.0 

40 

17 

0 

0.51 

4 

1.0 

40 

81 

0.2 

0.56 

5 

2.0 

40 

17 

0.4 

0.92 

5 

2.0 

40 

81 

0.4 

0.66 
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Table  Up  (Continued).  Short-Term  Time  Variability 
1^  =  Fa<100,  Ht,  H,  d,  Hr) 


Field 

Point 

Distance 

(Miles) 

(Feet) 

Hr 

(Feet) 

Maximum 

Variation 

(db) 

Time 

Period 

(Minutes) 

5.5 

3.0 

40 

17 

0 

0.44 

5.5 

3.0 

40 

81 

0 

0.22 

6 

4.0 

40 

18 

0 

0.46 

6 

4.0 

40 

81 

0 

0.50 

7 

7.0 

40 

17 

0 

0.58 

7 

7.0 

40 

81 

0 

0.40 

1 

0.2 

13 

17 

0.5 

1.14 

1 

0.2 

13 

81 

0.6 

1.20 

2 

0.45 

13 

11 

0 

0.88 

3 

0.7 

13 

11 

0 

0.94 

4 

1.0 

13 

17 

0 

0.80 

4 

1.0 

13 

81 

0.4 

1.06 

5 

2.0 

13 

18 

0.4 

0.65 

5 

2.0 

13 

81 

0.6 

0.60 

5.5 

3.0 

13 

17 

0 

0.80 

5.5 

3.0 

13 

81 

0 

0.52 

7 

7.0 

13 

81 

,  0 

2.08 
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Table  Hq.  Short-Term  Time  Variability 
1^  -  Fa(250,  Ht,  H,  d,  Hr) 


Field 

Point 

Distance 

(Miles) 

Ht 

(Feet) 

Hr 

(Feet) 

Maximum 

Variation 

(db) 

Time 

Period 

(Minutes) 

1 

0.2 

80 

18 

0.7 

0.62 

1 

0.2 

80 

82 

1.3 

0.56 

2 

0.45 

80 

11 

0.9 

0.90 

2 

0.45 

80 

82 

0.4 

0.73 

3 

0.7 

80 

11 

2.0 

0.80 

3 

0.7 

80 

82 

0 

0.66 

4 

1.0 

80 

78 

0 

0.40 

5.5 

3.0 

80 

11 

0.4 

0.60 

'  6 

4.0 

80 

17 

0 

0.55 

6 

4.0 

80 

81 

0 

0.62 

1 

0.2 

40 

11 

2.0 

0.80 

1 

0.2 

40 

78 

1.4 

1.24 

2 

0.45 

40 

11 

0 

1.00 

2 

0.45 

40 

78 

1.4 

1.06 

5.5 

3.0 

40 

17 

0.6 

0.70 

5.5 

3.0 

40 

79 

0.6 

0.52 

6 

4.0 

40 

78 

0 

0.95 
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Table  IIr#  Short-Term  Time  Variability 
1^  *  Fa(400,  Ht,  H,  d,  Hr) 


Field 

Point 

Distan. 3 
(Miles) 

Ht 

(Feet) 

Hr 

(Feet) 

Maximum 

Variation 

(db) 

Time 

Period 

(Minutes) 

1 

0.2 

80 

11 

0.6 

1.22 

2 

0.45  , 

80 

11 

2.2 

0.50 

3 

0.7 

80 

81 

1.0 

1.14 

4 

1.0 

80 

11 

0.7 

0.84 

4 

1.0 

80 

82 

0.8 

1.80 

5.5 

3.0 

80 

11 

0 

0.73 

1 

0.2 

40 

11 

0.6 

0.80 

2 

0.45 

40 

11 

1.0 

0.62 

3 

0.7 

40 

11 

0 

0.82 

3 

0.7 

40 

82 

0.6 

0.98 

4 

1.0 

40 

11 

0.6 

0.46 

4 

1.0 

40 

'  81 

0.7 

0.32 

5 

2.0 

40 

11 

0.2 

1.57 

5.5 

3.0 

40 

11 

0 

0.30 

1 

0.2 

13 

11 

0 

0.30 

2 

0.45 

13 

11 

0.1 

0.94 

3 

0.7 

13 

11 

0 

0.44 

4 

1.0 

13 

11 

0 

0.60 

4 

1.0 

13 

81.6 

2.1 

1.49 

5.5 

3.0 

13 

11 

1.3 

0.51 
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4.3.2 


Variation  with  Antenna  Height 
Fine-Grain  Variability 


4.3.2. 1 

Figures  4.20A  through  4.20P  are  examples  of  the 
fine-grain  variability  of  received  field  strength  as  a  func¬ 
tion  of  receiving  antenna  height.  Two  types  of  curves  are 
plotted  in  the  above  figures.  The  dashed  curves  represent 
field  point  median  data  of  the  type  shown  in  Figures  3.10 
through  3.55.  The  solid  curves  are  plotted  directly  from  the 
strip  chart  recordings  of  field  strength  made  at  the  time  of 
measurement.  The  field  strength  data  is  taken  from  the  re¬ 
cordings,  converted  to  basic  transmission  loss,  and  plotted 
directly  as  the  solid  curves  in  Figures  4.20A  through  4.20P. 
Thus,  the  variations  appearing  in  the  solid  curves  in  the 
above  figures  are  the  same  as  the  variations  in  field  strength 
which  appear  on  the  strip  chart  recordings. 

Fine-grain  variability  is  defined  as  the  difference 
between  the  median  value  of  basic  transmission  loss  (dashed 
curve)  and  the  actual  value  of  basic  transmission  loss  (solid 
curve)  at  a  particular  receiving  antenna  height.  As  Figure 
4.20A  shows,  for  a  frequency  of  880  kc,  vertical  polarization, 
there  is  almost  no  fine-grain  variability.  In  fact,  there  is 
essentially  no  change  of  any  kind  in  propagation  loss  with 
height.  Figure  4.20B  demonstrates  that  for  vertical  polariza¬ 
tion  at  12  me  there  is  a  definite  decrease  in  propagation  loss 
with  increasing  antenna  height,  but  there  is  no  significant 
fine-grain  variability.  At  100  me,  as  Figure  4.20C  shows,  there 
is  a  noticeable  fine-grain  variability  for  a  transmitting 
antenna  height  of  13  feet.  However,  the  variability  is  slightly 
less  for  a  transmitting  antenna  height  of  80  feet,  as  shown  in 
Figure  4.20D. 

Figures  4.20E  and  4.20F  provide  examples  of  a  fine- 
grain  variability  that  is  more  apparent  at  the  higher  trans¬ 
mitting  antenna  height  than  at  the  lower.  This  phenomenon  may 
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be  significant  and  is  receiving  further  study. 


Figures  4.20G  through  4.20P  show  a  noticeable  fine- 
grain  variability  for  both  horizontal  and  vertical  polariza¬ 
tion  at  250  and  400  me.  Table  III  provides  a  summary  of  the 
maximum  fine-grain  variation  for  a  cross  section  of  Radial  A 
data.  The  maximum  fine-grain  variation  is  defined  as  the 
maximum  difference  in  db  between  a  dotted  curve  and  a  solid 
curve  of  the  type  shown  in  Figures  4.20A  through  4.20P. 

Table  III  shows  that  the  fine-grain  variability 
tends  to  increase  with  increasing  frequency  for  close  dis¬ 
tances,  but  tends  to  remain  constant  with  frequency  at  the 
farther  distances.  The  information  presented  in  Figures 
4.20A  through  4.20P  and  in  Table  III  is  submitted  to  provide 
a  sample  of  the  basic  characteristics  of  fine-grain  variability 
with  antenna  height.  An  intensive  analysis  of  fine-grain 
variability  with  antenna  height  and  its  correlation  with  fine- 
grain  variability  as  a  function  of  distance  is  in  process. 
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Fine-Grain  Variability 
Median 


Fine-Grain  Variability 
Median 


Fine-Grain  Variability 
Median 


Figure  4.20C  Fine-Grain  Variability  as  a  Function  of  Receiving  Antenna  Height 

L.  =  F.(100,  13,  V,  1.0,  H  ) 


Grain  Variability 
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Fine-Grain  Variability 
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Figure  4.20H  Fine-Grain  Variability  as  a  Function  of  Receiving  Antenna  Height 

U.  =  F , (250 ,  13,  V,  0.45,  H  ) 


160 
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Fine-Grain  Varlabil 
Median 


Fine -Grain  Variabilit 


Figure  4.20N  Fine-Grain  Variability  as  a  Function  of  Receiving  Antenna  Height 

L.  =  F .  (400 ,  80,  V,  1.0,  H) 


rain  Variability 


Fine-Grain  Variabilit 
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Table  III 


FINE-GRAIN  VARIABILITY 


Frequency 

(me) 

Ht 

(Ft) 

Pol. 

Distance 

(Miles) 

Max.  Variation 
From  Median 
(db) 

0.880 

80 

V 

1 

1.0 

0.880 

80 

V 

10.5 

1.5 

12 

21 

V 

1 

1.5 

12 

21 

V 

2.0 

2.0 

12 

40 

H 

1 

1.2 

12 

40 

H 

4.0 

1.0 

100 

80 

V 

1 

2.0 

100 

80 

V 

10.5 

1.0 

100 

80 

H 

1 

2.0 

100 

80 

H 

7 

1.0 

100 

13 

V 

1 

4.0 

100 

13 

V 

4.0 

3.0 

100 

13 

H 

1 

2.0 

100 

13 

H 

7 

1.0 

400 

80 

V 

1 

6.0 

400 

80 

V 

2 

4.0 

400 

80 

H 

1 

3.0 

400 

80 

H 

3 

2.0 

400 

13 

V 

1 

4.0 

400 

13 

V 

3 

1.0 

400 

13 

H 

1 

2.0 

400 

13 

H 

3 

1.0 
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4. 3. 2. 2 


Variability  of  Field  Point  Medians  with  Antenna 
Hei'gEt - 

4 . 3 . 2 . 2 . 1  Comparison  of  L.  vs  Distance  for  Various  Receiving 
Antenna  heights 

Figures  4.21A  through  4.21HH  provide  a  comparison 
of  the  basic  transmission  loss  vs  distance  curves  for  three 
receiving  antenna  heights.  In  general,  the  three  receiving 
antenna  heights  used  for  comparison  were  20,  40,  and  80 
feet . 

Figure  4.21A  shows  that  thfcre  is  no  significant 
height  effect  for  vertical  polarization  until  a  frequency  of 
approximately  12  me  is  reached.  At  12  me,  the  difference 
in  basic  transmission  loss  with  a  20-foot  receiving  antenna 
and  with  an  80-fo  t  receiving  antenna  is  approximately  8  db. 

Figures  4.21B  through  4.11F  show  the  effect  of  re¬ 
ceiving  antenna  height  for  frequencies  of  25.5  me  and  above, 
vertical  polarization,  and  a  transmitting  antenna  height  of 
80  feet. 

Figures  4.21G  through  4.21K  give  a  similar  compari¬ 
son  for  a  transmitting  antenna  height  of  40  feet.  Figures 
4.21L  through  4. 2 IP  provide  the  same  comparison  for  the  13- 
foot  transmitting  antenna  height. 

Figures  4.21Q  through  4.21HH  give  a  similar  set  of 
comparisons  for  horizontal,  polarization.  Figure  4.21Q  shows 
that  there  is  a  significant  height  effect  for  frequencies  as 
low  as  2  me  on  horizontal  polarization,  whereas,  there  appears 
to  be  no  significant  height  effect  at  either  2  or  6  me  for 
vertical  polarization. 

Comparing  Figures  4.21L  and  4.21B,  for  example, 
shows  that  the  magnitude  of  the  height  effect  for  horizontal 
polarization  is  significantly  less  than  that  of  the  height 


effect  for  vertical  polarization. 

Figures  4.21A  through  4.21HH  tend  to  indicate  that 
the  height  effect  is  independent  of  distance  except  for 
possible  terrain  effects  at  the  higher  frequencies. 
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Figure  4.21T  Comparison  of  L.  vs  Distance  for  Various  Receiving  Antenna  Heights 

L.  -  F »(50 ,  80,  H,  d,  H  ) 


Figure  4.21U  Comparison  of  L-  vs  Distance  for  Various  Receiving  Antenna  Heights 

L?  =  F . (100 ,  80,  H,  d,  H_) 
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Figure  4.21W  Comparison  of  vs  Distance  for  Various  Receiving  Antenna  Heights 

L.  -  F« (400 ,  80,  H,  d,  H  ) 
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igure  4.21X  Comparison  of  L.  vs  Distance  for  Various  Receiving  Antenna  Heights 

L.  =  F.(6.0,  40,  H,  d,  H  ) 


Figure  4.21Y  Comparison  of  L.  vs  Distance  for  Various  Receiving  Antenna  Heights 

L.  =  F, (12 . 0 ,  40,  H,  d,  H  ) 
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Figure  4.21AA  Comparison  of  L.  vs  Distance  for  Various  Receiving  Antenna  Heights 

L.  =  F.(50,  40,  H,  d.  H) 
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Figure  4.21BB  Comparison  of  L*  vs  Distance  for  Various  Receiving  Antenna  Heights 

L.  =  F.UOO,  40,  H,  d,  H  ) 
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Figure  4.21CC  Comparison  of  vs  Distance  for  Various  Receiving  Antenna  Heights 

L.  -  F .  (250 ,  40,  H,  d,  H  ) 


I 


« 


(qp)  *4 


4-157 


igure  4.21DD  Compaxison  of  vs  Distance  for  Various  Receiving  Antenna  Heights 

L.  =  F , (400 ,  40,  H,  d,  H  ) 


Figure  4.21FF  Comparison  of  L,  vs  Distance  for  Various  Receiving  Antenna  Heights 
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Figure  4.21GG  Comparison  of  vs  Distance  for  Various  Receiving  Antenna  Heights 

L.  =F.(100,  13,  H,  d,  H  ) 
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Figure  4.21HH  Comparison  of  Lb  vs  Distance  for  Various  Receiving  Antenna  Heights 

L.  =  F , (400 ,  13,  H,  d,  H  ) 


4. 3. 2. 2. 2  Comparison  of  Height  Variation  with  Smooth-Earth 
Model 

Height  functions  for  beyond-the-horizon  transmission 
under  smooth-earth  conditions  have  been  calculated  by  the 
methods  described  in  Appendix  A.  The  differences  between  the 
height  variations  noted  in  the  median  measured  field  point 
data  and  these  theoretical  smooth-earth  height  function 
curves  should  correspond  to  the  combined  effects  of  foliage 
and  terrain  on  height  variability  of  propagation  loss. 

In  order  to  examine  the  height  variability  of 
measured  field  point  data,  the  curves  for  basic  transmission 
loss  vs  receiving  antenna  height  have  been  replotted  as  shown 
in  Figure  4.22.  Each  family  of  the  type  shown  in  Figure  4.22 
is  for  a  fixed  frequency,  polarization  and  transmiating  an¬ 
tenna  height.  Each  curve  on  Figure  4.22  corresponds  to  a 
different  radial  distance.  These  distances  range  from  0.2 
to  17  miles. 

The  basic  transmission  loss  curves  shown  in  Figure 
4,22  have  been  shifted  vertically  so  that  all  curves  within 
a  family  are  at  the  same  value  for  a  receiving  antenna  height 
of  20  feet.  This  normalization  of  basic  transmission  loss 
at  20  feet  allows  a  study  of  the  height  variation  alone. 

Results  of  the  type  shown  in  Figure  4.22  have  been 
summarized  by  vertical  bars  of  the  type  shown  in  Figure  4.23A. 
The  top  of  the  vertical  bar  represents  the  maximum  vertical 
excursion  of  the  family  at  a  particular  receiving  antenna 
height;  the  bottom  of  the  vertical  bar  represents  the  mini¬ 
mum  vertical  excursion.  The  mark  falling  somewhere  between 
the  top  and  bottom  of  the  vertical  bar  marks  the  median. 

Thus  all  +he  basic  transmission  loss  curves  in  a  particular 
family  would  pass  through  a  vertical  bar.  Half  the  curves 
would  pass  through  that  portion  of  the  bar  between  the  maxi¬ 
mum  value  and  the  median  while  the  other  half  of  the  curves 
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in  a  particular  family  would  pass  through  that  portion  of 
the  vertical  bar  between  the  median  and  the  minimum  value. 

An  examination  of  many  families  of  curves  of  the 
type  shown  in  Figure  4.22  indicates  that  there  is  no  appar¬ 
ent  trend  in  the  height  effect  with  distance.  This  bears  out 
a  similar  conclusion  which  can  be  drawn  as  a  result  of  study¬ 
ing  Figures  4.21A  through  4.21HH.  However,  there  is  an 
apparent  difference  in  the  height  variability  for  distances 
closer  than  2  miles  as  opposed  to  all  distances  beyond  2 
miles.  Two  miles  marks  the  dividing  line  between  paths  which 
would  be  line-of-sight  in  the  absence  of  foliage  and  paths 
which  would  not  be  line-of-sight  in  the  absence  of  foliage. 

Figures  4.23A  through  4.23LL  provide  a  comparison 
of  the  theoretical  smooth-earth  height  variability  and  the 
height  variability  observed  in  measured  data  for  distances  of 
2  miles  or  more. 

The  vertical  bars  summarize  the  measured  data  in 
the  manner  described.  The  dotted  curve  on  these  figures  rep¬ 
resents  the  smooth-earth  height  function,  normalized  to  the 
measured  data  at  a  receiving  antenna  height  of  20  feet.  As 
Figures  4.23A  through  4,23Q  show,  the  theoretical  smooth- 
earth  height  function  matches  measured  data  reasonably  well 
in  almost  every  case  for  horizontal  polarization. 

Figures  4.23R  through  4.23LL  show  a  reasonable 
correspondence  for  vertical  polarization. 
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Figure  4.22  Sample  Composite  of  Measured  Antenna  Height  Functions 

L.  =  F.  (50,  80,  V,  d,  H  ) 
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Figure  4.23B  Comparison  Between  Measured  and  Theoretical  Smooth-Earth  Functions 

L  =  Fa(400,  40,  H,  *2,  Hr) 
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Figure  4.23A  Comparison  Between  Measured  and  .Theoretical  Smooth -Earth  Functions 

L.  =  F. (400,  80,  H,  S2,  H  ) 
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Figure  4.23B  Comparison  Between  Measured  and  Theoretical  Smooth-Earth  Functions 

L  =  Fa(400,  40,  H,  s2,  Hr) 
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Figure  4.23C  Comparison  Between  Measured  and  Theoretical  Smooth -Earth  Functions 

L,  =  F  (400,  13,  H,  &2,  H  ) 
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Figure  4.23D  Comparison  Between  Measured  and  Theoretical  Smooth-Earth  Functions 

L.  =  F.(250,  80,  H,  *2,  H  ) 
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Figure  4.23F  Comparison  Between  Measured  and  Theoretical  Smooth -Earth  Functions 

L  =  F « (100 ,  80,  H,  22,  H  ) 
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Figure  4.23G  Comparison  Between  Measured  and  Theoretical  Smooth-Earth  Functions 

L.  =  F.(100,  40,  H,  52,  H  ) 
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Figure  4.231  Comparison  Between  Measured  and  Theoretical  Smooth-Earth  Functions 

L.  -  F.(50,  80,  H,  ^2,  H  ) 
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Figure  4.23J  Comparison  Between  Measured  and  Theoretical  Smooth-Earth  Functions 

L.  =  F.<50,  40,  H,  *2,  H  ) 
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Figure  4.23L  Comparison  Between  Measured  and  Theoretical  Smooth-Earth  Functions 

Lw  =  F.  (25 .5 ,  80,  H,  *2,  H  ) 


Figure  4.23M  Comparison  Between  Measured  and  Theoretical  Smooth- Earth  Functions 

L.  =  F . (25 . 5 ,  40,  H,  &2,  H  ) 
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Figure  4.23Q  Comparison  Between  Measured  and  Theoretical  Smooth- Earth  Functions 
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Figure  4.23S  Comparison  Between  Measured  and  Theoretical  Smooth-Earth  Functions 

L.  =  F  .(400,  40,  V,  ^2,  H  ) 
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Figure  4.23U  Comparison  Between  Measured  and  Theoretical  Smooth-Earth  Functions 

Lk  =  F.(250,  80,  V,  22,  H  ' 
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Figure  4.23V  Comparison  Between  Measured  and  Theoretical  Smooth- Earth  Functions 

L.  =  F .  (250 ,  40,  V,  22,  H  ) 


Figure  4.23W  Comparison  Between  Measured  and  Theoretical  Smooth- Earth  Functions 

Lk  =  F  ,(250 ,  13,  V,  22,  H  ) 


Figure  4.23X  Comparison  Between  Measured  and  Theoretical  Smooth -Earth  Functions 

L  -  F . (100 ,  80,  V,  2=2,  H  ) 


Figure  4.23BB  Comparison  Between  Measured  and  Theoretical  Smooth-Earth  Functions 

L.  =  F,(50,  40,  V,  52,  H  ) 
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Figure  4.23CC  Comparison  Between  Measured  and  Theoretical  Smooth -Earth  Functions 

L.  =  F ,  (50 ,  13,  V,  *2,  H  ) 
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Figure  4.23DD  Comparison  Between  Measured  and  Theoretical  Smooth-Earth  Functions 

L.  =  F ,(25 . 5 ,  80,  V,  ^2,  H_) 


Figure  4.23EE  Comparison  Between  Measured  and  Theoretical  Smooth -Earth  Functions 

L.  =  F  .(25 .5,  40,  V,  a2,  H  ) 
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Figure  4.23FF  Comparison  Between  Measured  and  Theoretical  Smooth-Earth  Functions 

Lu=  F  .(25 . 5 ,  13,  V,  ^2,  IL,  ) 
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Figure  4.23GG  Comparison  Between  Measured  and  Theoretical  Smooth-Earth  Functions 

L,  =  F .(12.0,  21,  V,  a2,  H  ) 
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Figure  4.23HH  Comparison  Between  Measured  and  Theoretical  Smooth-Earth  Functions 
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Figure  4 .2311  Comparison  Between  Measured  and  Theoretical  Smooth -Earth  Functions 
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Figure  4.23JJ  Comparison  Between  Measured  and  Theoretical  Smooth-Earth  Functions 

L.  =  F. (0 .880 ,  80,  V,  &2,  H  ) 
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Figure  4.23KK  Comparison  Between  Measured  and  Theoretical  Smooth-Earth  Functions 

L.  =  F. (0.300,  80,  V,  s2,  H  ) 
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4. 3.2. 2.3  Comparison  of  Height  Variation  with  NBS  Model 

A  comparison  similar  to  that  made  between  the 
measured  height  variability  and  the  smooth-earth  height 
functions  was  made  between  measured  height  variability  and 
the  NBS  terrain  model  described  in  Section  4.2 .2.1. 

The  NBS  method  used  for  this  comparison  included 
both  G(fl)  functions.  The  results  of  the  comparison  appear 
in  Figures  4.24A  through  4.24J.  The  vertical  bars  represent 
the  measured  data  in  exactly  the  same  way  as  in  Figures  4.23A 
through  4.23LL.  The  NBS  method  was  used  to  compute  loss  for 
all  distances  between  2  and  17  miles  and  the  resulting  curves 
were  normalized  at  a  receiving  antenna  height  of  20  feet  in 
the  same  way  as  the  measured  data.  The  upper  solid  curve  on 
Figures  4.24A  through  4.24J  represents  the  theoretical  maxi¬ 
mum  over  all  distances  between  2  and  17  miles  for  the  fre¬ 
quency,  polarization  and  transmitting  antenna  height  mentioned 
on  each  figure.  The  middle  solid  curve  represents  the  median 
of  all  theoretically  calculated  curves  and  the  lower  solid 
curve  represents  the  theoretical  minimum. 

Figures  4.24A  through  4.24E  show  relatively  good 
correlation  for  horizontal  polarization.  Figures  4.24F 
through  4.24J  show  equally  good  correlation  for  vertical 
polarization . 
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Figure  4.24A  Comparison  Between  Measured  and  Theoretical  Rough-Earth  Height  Functions 

Lw  =  F.C25.5,  80,  H,  d,  H  ) 
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Figure  4.24C  Comparison  Between  Measured  and  Theoretical  Rough -Earth  Height  Functions 

=  Fa(,100>  80,  H,  d,  Hr) 
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Figure  4.241  Comparison  Between  Measured  and  Theoretical  Rough- Earth  Height  Functi 

L.  -  F. (250 ,  80,  V,  d,  H  ) 
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4.3.2. 2, 4  Comparison  of  Height  Variations  for  d  <  2  Miles 
and  ^  ^  2  Miles"  “ 

i 

Since  there  is  a  distinct  difference  in  path  geometry 
for  distances  less  than  2  miles  and  distances  greater  than  2 
miles,  it  is  of  interest  to  compare  measured  height  functions 
in  these  two  categories.  Figures  4.25A  through  4.25CC  provide 
this  comparison.  The  vertical  bars  represent  the  range  of 
measured  data  for  distances  of  less  than  2  miles  while  the 
solid  curves  represent  the  range  and  median  value  for  measured 
data  at  distances  of  2  miles  or  more. 

Figures  4.25A  through  4.25N  show  that,  in  general, 
the  height  function  is  the  same  in  both  regions  for  horizon¬ 
tal  polarization.  However,  Figures  4.250  through  4.25CC  show 
that  for  vertical  polarization  the  propagation  loss  generally 
tends  to  decrease  less  rapidly  with  height  for  distances 
greater  than  2  miles  than  for  distances  of  less  than  2  miles. 
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Figure  4.25A  Comparison  Between  Measured  Height  Functions 
for  d  <  2  Miles  and  d  £  2  Miles 
"  Lk  =  F. (25. 5,  80,  H,  d,  H  ) 
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Figure  4.25B  Comparison  Between  Measured  Height  Functions 
for  d  <  2  Miles  and  d  >  2  Miles 
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Figure  4.25C  Comparison  Between  Measured  Height  Functions 
for  d  <  2  Miles  and  d  ^  2  Miles 
L„  =  F. (25. 5,  13,  H,  d,  h  ) 
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Figure  4.25D  Comparison  Between  Measured  Height  Functions 
for  d  <  2  Miles  and  d  >  2  Miles 
L.  =  F .  ( 50 . 0 ,  80,  H,  d,  H  ) 
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Figure  4.25E  Comparison  Between  Measured  Height  Functions 
for  d  <  2  Miles  and  d  >  2  Miles 
Lk  =  F. (50 . 0 ,  40,  H,  d,  H  ) 
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Figure  4.25G  Comparison  Between  Measured  Height  Functions 
for  d  <  2  Miles  and  d  2;  2  Miles 
L,  =  F.  ( 100 ,  80,  H,  d,  H  ) 


Measured  Height  Functions 
d  >  2  Miles 


Median  d  <  2  mil 
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Figure  4.251  Comparison  Between  Measured  Height  Functions 
for  d  <  2  Miles  and  d  *  2  Miles 
L.  =  F.  ( 100  13,  H,  d,  H  ) 
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Figure  4.25K  Comparison  betwer  n  Measured  Height  Functions 
for  d  <  2  Miles  and  d  >  2  Miles 
L.  =  F  „  (250 ,  40,  H,  d,  H  ) 
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Figure  4.25L  Comparison  Between  Measured  Height  Functions 
for  d  <  2  Miles  and  d  >  2  Miles 
L.  -  F .  (400 ,  80,  H,  d,  Hj 


Figure  4.25M  Comparison  Between  Measured  Height  Functions 
for  d  <  2  Miles  and  d  :>  2  Miles 
L.  =  F . (400 ,  40,  H,  d,  H  ) 
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Figure  4.25N  Comparison  Between  Measured  Height  Functions 
for  d  <  2  Miles  and  d  >  2  Miles 
L.  =  F,(400,  13,  H,  d,  H  ) 
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Figure  4.250  Comparison  Between  Measured  Height  Functions 
for  d  <  2  Miles  and  d  ^  2  Miles 
Lu  =  F . (25. 5,  80,  V,  d,  H  ) 
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Figure  4.25P  Comparison  Between  Measured  Height  Functions 
for  d  <  2  Miles  and  d  >  2  Miles 
Lu  -  F. (25. 5 ,  40,  V,  d,  H  ) 
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Figure  4.25Q  Comparison  Between  Measured  Height  Functions 
for  d  <  2  Miles  and  d  ^  2  Miles 
L,  -  F. (25. 5 ,  13,  V,  d,  H  ) 
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Figure  4.25S  Comparison  Between  Measured  Height  Functions 
for  d  <  2  Miles  and  d  <>  2  Miles 
L.  =  F. (50,  40,  V,  d,  H  ) 
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Figure  4.25U  Comparison  Between  Measured  Height  Functions 
for  d  <  2  Miles  and  d  ^  2  Miles 
Lk  =  F. (100,  80,  V,  d,  H  ) 
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Figure  4.25V  Comparison  Between  Measured  Height  Functions 
for  d  <  2  Miles  and  d  «>  2  Miles 
Lk  =  Fa(100,  40,  V,  d,  H  ) 
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Figure  4.25W  Comparison  Between  Measured  Height  Functions 
for  d  <  2  Miles  and  d  2>  2  Miles 
L.  =  F.(10O,  13,  V,  d,  H  ) 
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Figure  4.25BB  Comparison  Between  Measured  Height  Functions 
for  d  <  2  Miles  and  d  s  2  Miles 
L.  =  Fa (400,  40,  V,  d,  H  ) 


Figure  4.25CC  Comparison  Between  Measured  Height  Functions 
for  d  <  2  Miles  and  d  ^  2  Miles 
I*k  =  Fa(400,  13,  V,  d,  H  ) 


4,3.3 


Variability  of  with  Range 

The  vehicular  measurements  provide  an  insight 
into  the  relatively  fine-grain  details  of  field  strength 
variability  with  distance  in  tropical  vegetation.  As  a 
vehicle  proceeds  along  a  path  cut  through  the  vegetation, 
a  fifth  wheel  mechanically  drives  a  strip  chart  recorder 
which  continuously  records  the  widely  varying  measured 
field  strength.  Figures  4-26A  through  4-26E  provide  samples 
of  the  data  obtained  in  this  way  at  the  various  test  fre¬ 
quencies  from  25.5  me  to  400  me.  The  radials  along  which 
the  vehicle  moves  have  markers  which  indicate  radial  distance 
from  the  transmitter  every  0.2  mile  from  0.2  to  3  miles  and 
every  0.5  mile  thereafter.  Each  time  the  vehicle  passes 
one  of  these  distance  markers,  a  calibration  mark  is  made 
on  the  strip  recording.  Since  the  trails  are  never  exact 
radials,  the  actual  distance  represented  on  the  strip  chart 
is  always  greater  than  the  indicated  radial  distance. 

A  detailed  analysis  of  the  amplitude  distribution 
within  each  0.2-mile  interval  and  each  0.5-mile  interval 
has  been  made.  The  methods  and  results  are  described  below. 
No  other  detailed  analyses  of  this  data  have  been  performed 
as  yet.  However,  a  cursory  examination  of  the  data  indicates 
very  roughly  the  distance  spacings  between  adjacent  maxima 
and  minima  as  shown  below. 
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Figure  4.26B  Example  of  Vehicula 
F. (50.0,  80,  H,  1.0 
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4.3.3. 1  Data  Analysis 

The  cumulative  amplitude  distribution  for  each 
0.2-  or  0.5-mile  interval  of  data  is  obtained  in  the 
following  way.  A  segment  of  the  chart,  such  as  the  sample 
shown  in  Figure  4.27,  has  the  ordinate  (db)  divided  into  10 
levels,  each  corresponding  to  a  known  db  level.  The  abscissa 
of  the  chart,  which  represents  distance  along  the  trail,  is 
divided  into  portions  which  lie  uetween  RPA  (radial  points 
on  Trail  A)  points.  RPA  points  are  those  predetermined 
points  along  the  path  whose  radial  distances  from  the  trans¬ 
mitting  antenna  increase  in  0.2-mile  increments  to  3  miles 
and  by  0.5-mile  increments  beyond  3  miles. 

Dividing  distance  over  which  each  discrete  preset 
level  was  exceeded  by  the  total  distance  between  adjacent 
RPA  points  yields  a  numerical  ratio  which  corresponds  to 
the  probability  that  the  particular  db  level  is  exceeded. 

An  illustration  of  the  calculation  is  given  in  Figure  4.27 
and  Table  IV. 
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Figure  4.27  A  Sample  Strip  Chart  Analysis 
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Table  IV 


db 

Level 

Distance  db  Level 
was  Exceeded 

Numerical 

Ratio 

Percentage 

10 

0  =  0 

0/170 

0.0 

9 

443  =  7 

7/170 

4.1 

8 

8+10  +  1  =  19 

19/170 

11.2 

7 

10  +  14  +  9  +  7  =  40 

40/170 

23.5 

6 

12  +  37  +  12  +  10  =  71 

71/170 

41.7 

5 

15  +  3  +  39  +  11  +  15  +  8  +  12  =  103 

103/170 

60.6 

4 

18  +  5  +  58  +  18  +  12+20  =  131 

131/170 

77.0 

3 

22  +  10  +  61  +  59  =  152 

152/170 

39.4 

2 

170  -  7  =  163 

163/170 

95.8 

1 

170  =  170 

170/170 

100.0 

The  percentage  probabilities  which  represent  the 
amplitude  distribution  are  given  in  the  last  column  of 
Table  IV. 

A  totalizer  has  been  employed  to  reduce  the  large 
amount  of  vehicular  data  which  is  being  collected  in  Thailand. 
A  sketch  of  the  machine  is  shown  in  Figure  4.28.  As  the 
strip  chart  passes  through  the  machine  at  constant  speed, 

10  different  clocks  totalize  the  time  each  incividual  preset 
db  level  is  exceeded  and  another  time  base  clock  runs  con¬ 
tinuously  during  the  pass.  Dividing  each  of  the  times  on 
the  10  clocks  by  the  total  running  time  gives  the  numerical 
ratio,  and  thus  the  probability  percentage  is  obtained. 
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Patch  Panel  (not  shown)  Enables  Machine 
‘Calibration  for  Different  Levels 


£15971 


Electrical  Commutator  with 
Selective  Calibration 

Electrical  Contact 

liding  Arm 

Pointer  to 
Follow  Curve 

Strip  Chart 


Clock  (typical)  which 
Totals  Time  db  level 
Four  was  Exceeded 


Clock  Bank  Chassis 


Figure  4.28  Totalizer  Diagram 


4. 3. 3. 2  Summary  of  Vehicular  Data  Analysis  Results 

Figures  4.29A  through  4.29N  provide  examples  of 
the  statistical  distributions  obtained  from  the  analysis 
;>f  vehicular  data.  Each  di  tribution  pertains  to  *he 
signal  amplitude  or,  corresi  jndingly,  the  basic  transmission 
loss  experienced  over  the  indicated  trail  segment.  The 
amplitude  distribution  was  obtained  by  using  the  totalizer 
described  in  the  previous  section. 

The  points  plotted  on  Figures  4.29A  through  4,29N 
represent  the  probabilities  obtained  from  the  totalizer. 

These  points  follow  a  straight  line  on  arithmetic  probability 
paper  which  implies  a  normal  (Gaussian)  probability  distri¬ 
bution.  There  is  often  a  deviation  from  normality  at  the 
ends  of  the  distribution,  but  this  fall-off  is  within  the 
limits  of  experimental  error.  Since  the  analysed  chart 
segments  are  approximately  5  inches  long,  a  total  error  of 
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from  1/16  to  1/8  inch  in  the  totalizer  result  would  create 
a  1.25  to  2.5  per  cent  error  in  the  indicated  probability. 

t 

Thus  the  analysis  has  shown  that  the  random  varia¬ 
tions  in  transmission  loss  with  distance  are  normally  dis¬ 
tributed  over  intervals  of  approximately  0.2  mile  and  0.5 
mile. 

Figures  4.30  through  4.34  provide  a  summary  of  a 
detailed  analysis  of  vehicular  data  for  a  range  of  0.2  to  17 
miles  along  Radial  A  at  880  kc,  vertical  polarization.  The 
transmitting  antenna  was  an  80-foot  top-loaded  vertical  mast 
and  the  receiving  antenna  was  a  vehicle-mounted  whip  whose 
top  was  7  feet  above  the  ground.  Figure  4.30  gives  a  plot  of 
the  median  basic  transmission  loss  as  a  function  of  radial 
distance  along  with  the  loss  which  was  exceeded  90  per  cent  of 
the  time  and  the  loss  which  was  exceeded  for  10  per  cent  of 
the  time.  Figure  4.31  provides  a  plot  of  the  standard  deviation 
within  each  sampling  interval  as  a  function  of  radial  distance 
from  the  transmitting  antenna.  Figure  4.32  is  a  comparison 
between  the  reduced  vehicular  data  and  the  median  field  point 
data  taken  with  the  same  80-foot  transmitting  antenna  and  a  20- 
foot  receiving  antenna.  Figure  4.33  gives  a  comparison 
between  the  reduced  vehicular  data  and  the  theoretical  smooth- 
earth  basic  transmission  loss.  Figure  4,34  gives  a  compar¬ 
ison  between  the  reduced  vehicular  data  and  the  theoretical 
smooth-earth  basic  transmission  loss  plus  9  db. 

Figures  4.35  through  4.39  present  a  similar  summary 
for  one  series  of  vehicular  measurements  made  at  6  me . 

Figures  4.40  through  4.44  provide  a  summary  of 
results  for  one  series  of  vehicular  measurements  made  at  12  me . 

At  25.5  me,  a  number  of  different  series  of  reduced 
vehicular  measurements  are  given.  Figures  4.45  through  4.48 


4-253 


pertain  to  vertical  polarization  and  a  transmitting  antenna 
height  of  40  feet.  Figures  4.49  through  4.58  pertain  to 
vertical  polarization  and  a  transmitting  antenna  height  of 
80  feet.  Following  sets  pertain  to  horizontal  polarization 
at  25.5  me  and  transmitting  antenna  heights  of  13,  40  and 
80  feet . 

At  25.5  me  comparisons  between  vehicular  data  and 
the  Egli  Model  described  in  Section  4. 2. 2. 4  have  been  made 
in  Figures  4.48,  4.54,  4.62,  4.66  and  4.70.  The  comparison 
at  25.5  me  is  not  good,  but  the  difference  is  consistent  with 
the  questions  raised  in  Section  4. 2. 2  .4  concerning  the 
foliage  factor  at  25.5  me.  The  comparisons  between  the  Egli 
Model  and  vehicular  data  were  better  at  the  higher  frequencies, 
as  will  be  seen  shortly. 

Comparisons  between  vehicular  data  and  the  NBS 
model  are  also  possible  beginning  at  25.5  me.  A  sample  of 
the  comparison  between  vehicular  data  and  the  NBS  model  with 
the  G(fl)  functions  is  shown  in  Figure  4.57. 

Samples  of  the  comparison  between  vehicular  data 
and  the  NBS  model  without  the  G(fl)  functions  appear  in 
Figure  4.58. 

Figure  4.55  compares  vehicular  data  and  the  median 
of  the  computer- induced  statistic,  including  the  G(fl) 
functions,  while  Figure  4.56  provides  the  same  comparison 
for  the  computer- induced  statistic  which  excludes  the  G(fl) 
functions . 

Figures  4-71  through  4-80  illustrate  the  analysis 
details  for  one  series  of  vehicular  data  at  50  me,  vertical 
polarization . 

For  100  me,  as  was  the  case  at  25.5  me,  the 
results  from  several  series  of  vehicular  data  are  presented. 
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Figures  4-8l  through  4-84  pertain  to  vertical  polarization 
and  a  transmitting  antenna  height  of  13  feet.  Figures  4-85 
through  4-88  are  for  a  transmitting  height  of  40  feet  and 
Figures  4-89  through  4-98  pertain  to  a  height  of  80  feet . 

Figures  4-99  through  4-114  are  concerned  with 
horizontal  polarization  at  100  me  and  transmitting  antenna 
heights  of  13,  40  and  80  feet. 

Figures  4-115  through  4-12^  apply  to  one  sample 
of  vehicular  data  at  250  me,  vertical  polarization. 

The  comparisons  between  field  point  data  and 
vehicular  data  have  consistently  shown  good  correlation. 
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Median  =  27.8  db 
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Standard  Deviation 
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Figure  4.31  Standard  Deviation  of  Vehicular  Data 
L.  =  F. <0.880,  80,  V,  d,  7) 
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Figure  4.32  Comparison  Between  Vehicular  Data  and  Measured  F.P.  Data 

L.  =  F.  (0.880,  80,  V,  d,  7) 
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Figure  4.40  Reduced  Vehicular  Data 
L  '=  F . ( 12 . 1 ,  21,  V,  d,  7) 
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Figure  4.41  Standard  Deviation  of  Vehicular  Data 
U.  =  F.U2.1,  21,  V,  d,  7) 
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Figure  4.43  Comparison  Between  Vehicular  Data  and  Theoretical  Smooth-Earth  Model 

L  -  F. (12 . 1 ,  21,  V,  d,  7) 
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Theoretical  Smooth-Earth  Model 
Lk  -  F,(12.1,  21,  V,  d,  7) 
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Figure  4.50  Standard  Deviation  of  Vehicular  Data 
Lk  -  F,  (25 .5,  80,  V,  d,  7) 
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Figure  4.55  Comparison  Between  Vehicular 
Dnta  and  Median  of  Computer- Induced  Statistic  Including  G(H)  Functions 

Lk  -  F A (25 .5,  80,  V,  d,  7) 
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Figure  4.57  Comparison  Between  Vehicular 
Data  and  N.B.S,  Model  Including  G(H)  Functions 
L,  =  F .  (25 . 5 ,  80,  V,  d,  7) 
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Figure  4.60  Standard  Deviation  of  Vehicular  Data 
Lk  =  F ,  (25 . 5 ,  13,  V,  d  7) 
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Figure  4.61  Comparison  Between  Vehicular  Data  and  Measured  F.  P.  Data 

L.  =  F.  (25.  5 ,  13,  H,  d,  7) 
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Distance (Miles) 

Figure  4.62  Comparison  Between  Vehicular  Data  and  Egli  Model 

U  =  F. (25. 5,  13,  H,  d,  7) 
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Figure  4.72  Stan 
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Figure  4.74  Comparison  of  Vehicular  Data  and  Theoretical  Smooth-Earth  Hodel 

L.  =  F. (50,  80,  V,  d,  7) 
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Figure  4.77  Comparison  Between  Vehicular  Data  and  Median  of  Computer 
Induced  Statistic  Including  G(i!)  Functions 
L.  =  Fa  (50 ,  80,  V,  d,  7) 
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Figure  4.78  Comparison  Between  Vehicular  Data  and  Median  of  Computer 
Induced  Statistic  Without  G(H)  Functions 
U  =  F . (50 ,  80,  V,  d,  7) 
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Figure  4.82  Standard  Deviation  of  Vehicular  Data 
L.  =  F • (100 ,  13,  V,  d,  7) 
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Figure  4.83  Comparison  Between  Vehicular  Data  and  Measured  F.P.  Data 

=  F.  (100,  13,  V,  d,  7) 


Model 


til 


UU 


N'Oin  ^CONrHO 


(qp)  o  uoti^TA aa  pJBpu^is 


4-326 


Figure  4.86  Standard  Deviation  of  Vehicular  Data 
L.  =  F.(100,  40 .  V,  d,  7) 


Figure  4.88  Comparison  Between  Vehicular  Data  and  Egli  Model 

L.  =  F.(100,  40,  V,  d,  7) 
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Figure  4.95  Comparison  Between  Vehicular  Data  and  Median  of  Computer 
Induced  Statistic  Including  G(fl)  Functions 
L*  -  Fa(100,  80,  V,  d,  7) 
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Figure  4.96  Comparison  Between  Vehicular  Data  and  Median  of  Computer- 
Induced  Statistic  Without  G(fl)  Functions 
L.  =  Fa  (100 ,  80,  V,  d,  7) 
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Figure  4.98  Comparison  Between  Vehicular  Data  and  N.B.3.  Model 

Without  G(fl)  Functions 
L.  =  Fa(100,  80,  V,  d,  7) 
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Figure  4.100  Standard  Deviation  of  Vehicular  Data 
L,  =  F.(100,  13,  H,  d,  7) 
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Figure  4.103  Reduced  Vehicular  Data 
Lk  =  F . (100 ,  40,  H,  d,  7) 
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Figure  4.105  Comparison  Between  Vehicular  Data  and  Measured  F.P.  Data 

Lh  =  F. (100 ,  40,  H,  d,  7) 
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Figure  4.110  Comparison  Between  Vehicular  Data  and  Egli  Model 

L.  =  F . (100 ,  80,  H,  d,  7) 
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Figure  4.112  Comparison  Between  Vehicular  Data 
and  Computer- Induced  Statistic  Without  G(H)  Functions 
Lb  =  FA(100,  80,  H,  d,  7) 
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Figure  4.114  Comparison  Between  Vehicular  Data  and  N.B.S.  Model 

Without  G(fl)  Functions 
L.  -  F.  (100,  80,  H,  d,  7) 
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Figure  4.116  Standard  Deviation  of  Vehicular  Data 
L.  =  F . (250 ,  80,  V,  d,  7) 
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4.4  Other  Factors  Affecting  1^ 

4.4.1  Climatology 

4 . 4 . 1 . 1  Analysis  of  Climatological  Data 

A  considerable  amount  of  climatological  data  has 

been  collected  and  reduced  for  correlation  with  path  loss 

data.  The  climatological  factors  of  interest  are  rainfall, 

relative  humidity,  and  ambient  temperature.  These  factors 

are  used  in  the  determination  of  the  refractive  index,  N  , 

s 

which  in  turn  is  used  to  determine  the  effective  earth's 
radius  factor,  k.  Figure  4.125  summarizes  the  climatological 
data  collected  from  February  1964  through  April  1965.  The 
lower  curve  shows  the  total  accumulated  rainfall  for  each 
week  of  the  test. period.  The  two  middle  curves  show  the 

i 

weekly  average  daytime  humidity  and  temperature.  Temperature 
and  humidity  readings  were  generally  taken  three  times  a  day: 
in  the  morning,  about  noon,  and  in  the  late  afternoon. 

The  top  curve  in  Figure  4.125  gives  the  resulting 
weekly  average  effective  earth’s  radius  factor,  k.  The 
curve  demonstrates  that  the  changes  in  the  average  effective 
earth’s  radius  factor  are  relatively  small.  The  factor  k 
varies  from  approximately  3/2  to  almost  4/3,  but  never  quite 
reaches  the  ’’standard  atmosphere”  of  4/3. 

Data  of  the  type  shown  in  Figure  4.125  has  been 
prepared  for  future  correlation  with  measured  path  loss  data. 


4. 4. 1.2  Nomographs  for  Computation  of  and  k  from  Psychro- 
metric  Data  *“ 


5 

Following  the  adoption  of  Carrier’s  equation  to 
compute  the  partial  water  vapor  pressure  for  given  wet  bulb, 
dry  bulb,  and  ambient  conditions,  the  equation  was  reduced 
to  two  practical  nomographs  to  facilitate  field  computations. 


5. Discussed  in  Section  3.2  of  Semiannual  Report  Number  5 
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Figure  4.125  Climatological  Data  Summary 


The  basic  parameters  involved  are  wet  and  dry  bulb  tempera¬ 
tures,  altitude  of  the  measurement  site,  and  the  atmospheric 
pressure  —  measured  in  terms  of  sea  level  pressure. 

The  first  nomograph,  Figure  4.126,  permits  com¬ 
putation  of  ambient  pressure  from  the  altitude  of  the 
measurement  site  and  the  pressure  measurement ,  reduced  to 
sea  level  reference.  Wet  bulb  temperature  and  the  difference 
between  wet  and  dry  bulb  temperatures  are  used  to  compute 
partial  pressure  of  water  vapor,  e,  at  the  ambient  conditions. 
Values  derived  from  this  nomograph  which  are  used  to  complete 
the  computations  are  the  ambient  pressure,  P  ,  (from  Scale  3) 

a 

and  the  partial  pressure  of  water  vapor,  e,  (from  Scale  9). 

In  the  second  nomograph,  Figure  4.127,  the  partial 

pressure  of  water  vapor;  e,  the  ambient  pressure,  P  ;  and 

a 

the  dry  bulb  temperature  are  used  to  compute  the  radio 

refractive  index,  N  .  Since  N  is  the  only  parameter 

s  s 

involved,  this  nomograph  is  also  used  to  compute  k,  the 
ratio  of  the  effective  earth  radius  to  the  actual  radius. 


All  calibrated  scales  are  marked  in  terms  of  the 
measured  parameter,  i.e.,  pressure  factor  in  terms  of  alti¬ 
tude  in  feet  or  meters;  measured  pressure,  P  ,  in  millimeters 

a 

of  mercury  or  millibars,  referred  to  sea  level  pressure; 
saturation  pressure  at  wet  bulb  temperature,  P  ’ ,  in  degrees 
Fahrenheit.  Computed  values  are  read  in  millimeters  of 
mercury  for  all  pressures.  Unmarked  scales,  such  as  4  and 
7  on  the  first  nomograph,  and  3  and  5  on  the  second  nomograph, 
are  used  as  ’’turning  points.”  These  are  marked  temporarily 
with  a  pen  or  pencil  in  making  computations. 


The  following  steps  are  followed  in  making  compu¬ 
tations  of  N  or  k  by  Nomographs  1  and  2. 
s 
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Figure  4.126  Nomograph  1.  Computation  of  Partial  Pressure 
of  Water  Vapor,  e,  from  Psychrometric  Data 
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Figure  4. 127 


Nomograph  2.  Computation  of  N  and  K  from 
Partial  Vapor  Pressure,  e,  (mmsHg) 
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Nomograph  1 

Step  1.  Place  a  straight  edge  through  the  measured  altitude 
(Scale  1)  and  the  measured  pressure  (Scale  2). 

Mark  and  record  the  intersection  of  the  extension 
of  this  line  with  Scale  3,  ambient  pressure. 

Step  2.  Place  a  straight  edge  through  the  ambient  pressure 
on  Scale  3  (Step  1)  and  the  measured  wet  bulb 
temperature  (Scale  4).  Mark  the  intersection  of 
this  line  with  Scale  5. 

Step  3.  Place  a  straight  edge  between  the  marked  point 
on  Scale  5  (Step  2)  and  the  difference  between 
dry  bulb  temperature  and  wet  bulb  temperature 
(Scale  6)  and  mark  the  intersection  of  an  extension 
of  thin  line  with  Scale  7. 

Step  4.  Place  a  straight  edge  between  the  point  of  inter¬ 
section  on  Scale  7  (Step  3)  and  the  wet  bulb 
temperature  (Scale  8).  Record  the  intersection 
of  this  line  with  Scale  9,  e  «  mm  Hg. 

Nomograph  2 

Step  5.  Place  a  straight  edge  from  the  value  of  e  -  mm  Hg 
(as  determined  in  Step  4)  on  Scale  1  to  the  dry 
bulb  temperature  on  Scale  2.  Mark  the  intersection 
of  the  extension  of  this  line  with  Scale  3. 

Step  6.  Place  a  straight  edge  between  this  point  of  inter¬ 
section  with  Scale  3  (Step  5)  and  the  measured 
pressure  on  Scale  1.  This  measured  pressure  will 
be  the  same  reading  used  in  Step  1 .  Mark  the 
intersection  of  the  extension  of  this  line  with 
Scale  5. 


Step  7.  Place  a  straight  edge  between  the  point  of 

intersection  on  Scale  5  (Step  6)  and  the  dry 
bulb  temperature  on  Scale  6.  The  intersection 
of  the  extension  of  this  line  with  Scale  7  gives 
either  the  ’’refractive  index,”  Ng,  or  the 
” effective  earth’s  radius,”  k. 

Both  Nomographs  1  and  2  have  auxiliary  scales  on 

the  ambient  pressure  scale.  These  scales  refer  to  J  &  B 

Site  1  and  are  marked  in  millimeters  of  mercury,  referred 

to  sea  level,  measured  at  that  site.  In  addition,  there  is 

an  altitude  scale  in  feet  above  J  &  B  Site  1  which  is  used 

as  a  sliding  scale  to  determine  pressures  above  this  site. 

This  scale  is  to  be  used  with  the  low-altitude  wiresonde. 

Pressures  may  be  corrected  to  the  closest  25  feet  by  shifting 

the  altitude  measured  to  the  ground  pressure  measurement 

and  noting  the  corrected  pressure.  The  use  of  this  scale 

eliminates  the  need  for  Steps  1  and  2  and  the  need  for  the 

notation  of  P  . 

a 

4.4.2  Tropical  Vegetation 

Among  the  various  factors  that  influence  the  oper¬ 
ating  ranges  of  mobile  and  man-pack  radio  equipments  in  a 
natural  tropical  environment,  those  associated  with  the 
tropical  vegetation,  or  ” jungle,”  are  perhaps  the  most 
difficult  to  deal  with  in  a  quantitative  fashion.  This 
difficulty  stems  from  the  fact  that  the  interactions  between 
the  propagating  waves  and  the  vegetative  elements  are  extremely 
complex  in  the  spatial  sense,  and  the  situation  cannot  be 
resolved  deterministically  with  mathematical  rigor  within 
the  present  state  of  the  art .  Even  if  the  problem  could  be 
solved  this  way,  it  would  require  as  input  data  such  a  con¬ 
siderable  amount  of  detailed  information  about  the  physical 


4-371 


distribution  of  the  vegetation,  that  the  exact  solution 
could  not,  therefore,  be  practically  applied  to  the  task 
of  predicting  radio  path  losses  within  a  spectrum  of  actual 
conditions . 

The  problem  is  further  complicated  by  the  physical 
nature  of  the  vegetation.  Dealing  with  any  problem  in  a 
scientific  fashion,  requires  the  ability  to  measure  and 
count  the  phenomena  so  that  they  can  be  expressed  in  terms 
of  numbers,  and  so  that  groups  of  related  phenomena  can  be 
compared  with  one  another  on  a  numerical  basis.  This  is  not 
to  suggest  that  the  natural  relations  between  phenomena  must 
always  be  expressed  in  terms  of  numerical  formulas,  but  it 
does  mean  that  comparisons  should  attain  to  numerical  expres¬ 
sion,  or  numerical  scaling,  of  the  phenomena  so  as  to  be 
as  stable  and  unequivocal  as  the  numbers.  This  situation 
is  particularly  difficult  to  achieve  with  completeness  with 
respect  to  a  stand  of  vegetation. 

Although  many  of  the  observable  characteristics 
of  a  stand  of  vegetation  in  a  given  area  are  considerably 
influenced  by  the  prevailing  climatic  and  edaphic  environments, 
the  characteristics  of  the  individuals  in  the  stand  are 
primarily  hereditary  in  origin.  For  example,  a  certain  type 
of  tree  is  unique  in  the  hereditary  sense  and  all  trees  of 
this  type  can  be  depended  upon  to  exhibit  hereditary  semi- 
larities.  Likewise,  trees  of  different  heredities  will 
exhibit  different  characteristics.  Consequently,  many  of 
the  important  concepts  of  vegetation  that  have  been  developed 
in  the  field  of  botany  have  concentrated  on  the  hereditary 
attributes  of  vegetation  phenomena.  Such  an  approach  is 
taxonomical  in  nature  and  the  scientific  usefulness  of 
these  concepts  is  greatly  dependent  on  the  investigators 
ability  to  observe  through  the  visual  sense  and  to  interpret 
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the  phenomena  in  the  light  of  his  prior  knowledge  and 
experience  with  the  subject.  This  is  the  essence  of  the 
descriptive  approach  to  science,  and  the  field  of  botany 
is  well  noted  for  its  refinement  of  this  art.  But  the 
application  of  this  approach  always  depends  to  some  extent 
on  the  investigator's  personal  understanding  of  the  vegeta¬ 
tion  with  which  he  works  and  is,  therefore,  unavoidably 
subjective  in  nature.  While  such  methods  are  no  less  valid, 
and  important  scientific  contributions  have  been  obtained 
this  way,  such  methods  do  not  lend  themselves  particularly 
well  to  the  concepts  of  quantification,  or  scaling,  in  terms 
of  numbers. 

On  the  other  hand,  there  are  many  attributes  of 
a  stand  of  vegetation  that  can  be  described  in  terms  of  units 
of  measure,  or  numbers.  The  heights  of  the  trees,  the  number 
of  trees  per  unit  of  area,  or  the  diameters  of  the  trees  at 
some  standardized  height  are  examples  of  such  attributes. 

When  an  attribute  is  measured,  or  scaled,  a  parameter  is 
produced.  It,  therefore,  appears  that  the  collection  of 
attributes  of  a  stand  of  vegetation  can  be  thought  of  in 
terms  of  two  broad  classes:  those  attributes  which  can  be 
parameterized  with  relative  ease,  such  as  tree  heights;  and 
those  for  which  suitable  parameters  cannot  be  easily  found, 
such  as  floristic  character.  It  also  seems  clear  that  the 
first  class  of  attributes,  being  dimensional  in  nature,  is 
associated  with  the  dimensional  properties  of  the  stand, 
whereas  the  second  class  is  identified  with  the  abstract 
and  subjective  features  of  the  stand.  Since  the  dimensional 
properties  of  vegetation  vary  randomly  from  place  to  place, 
and  from  season  to  season,  the  parameterized  attributes 
of  the  stand  are,  therefore,  statistical  in  nature. 
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One  of  the  objectives  of  this  project  is  to 
determine  the  quantitative  influence  of  tropical  vegetation 
on  radio  wave  propagation.  To  this  end,  the  fundamental 
techniques  of  statistical  correlation  are  employed  to  measure 
the  interdependence,  or  interrelationship,  between  two  sets 
of  empirical  data,  and  to  develop  prediction  procedures 
for  other  similar  environments.  One  set  of  data  is  obtained 
from  the  propagation  measurements  while  the  other  set  of 
data  consists  of  a  collection  of  the  physical  parameters 
of  the  vegetation  in  which  the  measurements  were  made.  From 
the  philosophical  point  of  view,  it  is  perhaps  important 
to  recognize  that  both  sets  of  data  are  statistical  in 
nature  and,  with  the  introduction  of  statistical  concepts, 
the  answers  thus  obtained  cannot  be  regarded  as  certainties, 
and  agreement  between  measured  and  predicted  values  can  be 
expected  only  in  the  sense  of  ensemble  averages.  However, 
with  respect  to  the  practical  aspects  of  radio  communications, 
this  distinction  as  to  methods  of  approach  is  unimportant. 

The  first  step  to  be  taken  to  correlate  these  two 
sets  of  data  is  to  analyze  the  propagation  data  so  as  to 
separate  out  a  set  of  propagation  parameters,  or  factors, 
that  can  be  associated  with  the  existence  of  vegetation  in 
the  propagation  path.  Such  factors  may  be  referred  to  as 
’’foliage  factors.”  This  part  of  the  problem  has  been 
previously  discussed  in  Section  4. 2. 2. 4  and  a  set  of  such 
factors  is  presented  in  Figure  4,17.  The  remaining  part 
of  this  section  presents  data  resulting  from  physical  meas¬ 
urements  of  the  vegetation  in  the  Thailand  test  area. 


4.4.2. 1  Vegetation  Measurements 

A  model  of  tropical  vegetation  employed  to  attempt  to 
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determine  the  effects  on  such  vegetation  on  radio  wave  propagation 
is  conceived  as  being  a  layer  of  space  above  a  ground  surface 
with  a  random  distribution  of  vegetative  material  which  has 
the  electrical  properties  of  lossy  dielectrics.  The  principal 
effects  of  the  vegetation  on  radio  wave  propagation  are  to 
attenuate  the  wave  through  absorption  and  to  scatter  the  wave 
front.  The  degree  of  these  effects  is,  therefore,  related  to 
the  dimensional  properties  of  the  distribution  of  the  material 
and  to  the  electrical  properties  of  the  material  in  the  model 
space.  Accordingly,  ignoring  the  electrical  properties  of  the 
material  for  the  time  being,  the  primary  purpose  of  the  veg¬ 
etation  measurements  is  to  obtain  as  much  dimensional  informa¬ 
tion  about  the  vegetation  as  is  possible  by  practical  methods 
of  physical  measurements. 

The  data  thus  obtained  is  regarded  as  a  collection 
of  individual  sets  of  data,  each  of  which  is  statistical  in 
nature,  and  which  is  related  to  a  different  attribute  of  the 
model.  A  determination  can  be  made  of  the  vegetation  parameters 
best  suited  to  the  problem  of  path  loss  predictions  in  vegetated 
environments  by  analyzing  the  interrelationships  between  these 
sets  and  correlating  with  the  foliage  factor  derived  from  the 
propagation  data. 

This,  of  course,  implies  that  at  least  two  different 
data  samples  from  two  different  types  of  vegetation,  along 
with  corresponding  propagation  data,  will  be  needed  to  estab¬ 
lish  two  points  oi  any  useful  corrci.it ion  measure.  But  the 
vegetation  in  the  Thailand  test  area  must  be  considered  as 
homogenous  from  the  point  of  view  of  its  dimensional  properties 
and  from  the  fact  that  the  test  area  is  exposed  to  the  same 
type  of  climatic  conditions,  namely  "wet-dry  tropical." 

Therefore,  the  Thailand  measurements  can  provide  only  one 
sample  in  the  vegetation  sample  space.  To  provide  another 
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sample  requires  moving  the  experiments  to  a  vegetated  area 
in  another  kind  of  tropical  region. 

The  data  presented  in  Figures  4.128  through  4.157 
was  obtained  from  nine  sample  plots  in  the  Thailand  test  area; 
the  plots  being  selected  from  the  radial  sector  where  propa¬ 
gation  measurements  were  made.  The  vegetation  measurements 
were  made  by  the  Environmental  Research  Section  of  MRDC,  under 
the  supervision  of  Lt.  Col.  W.  R.  Scheible.  With  the  exception 
of  Figures  4.146  through  4.155,  the  data  appearing  in  the  graphs 
was  prepared  by  this  group.  A  summary  of  the  vegetation  meas- 


urements 

in  the  Jansky  &  Bailey  test 

area  in  the 

Korat  Plateau 

of  Thailand  appears 

below. 

Plot 

No. 

Plot  Area 
(Meters2  ) 

Trees/Acre 

Basal  Area 
Feet 2 /Acre 

Median  Ht. 
(Meters) 

1 

400 

354 

55.9 

8.6 

2 

400 

364 

45.7 

5.5 

3 

400 

314 

68.0 

12.0 

4 

400 

475 

74.2 

8.5 

5 

600 

337 

109.0 

14.0 

6 

400 

354 

175.0  • 

11.0 

7 

400 

405 

130.0 

10.0 

8 

400 

334 

165.0 

11.0 

9 

600 

458 

175,0 

10.0 

Avg. 

377 

110.9 

10.1 

This  data  will  be  found  useful  for  comparing  the  dimensional 
properties  of  vegetated  areas  in  other  geographical  areas 
with  the  Thailand  test  area,  which  is  classified  as  a  wet-dry, 
or  Savanna,  climatic  region. 


1. Encyclopedia  Britannica,  World  Atlas  1963,  Plate  21. 
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Figure  4.128  Frequency  Distribution  Of  Tree  Heights  In  Plot  #1 


Figure  4.130  Frequency  Distribution  Of  Tree  Heights  In  Plot  #3 
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Figure  4.133  Frequency  Distribution  Of  Tree  Heights  In  Plot  #3 


Figure  4.134  Frequency  Distribution  Of  Tree  Heights  In  Plot  #7 


135  Frequency  Distribution  Of  Tree  Heights  In  Plot  #8 


Figure  4.136  Frequency  Distribution  Of  Tree  Heights  In  Plot  #9 


Figure  4.137  Basal  Area  vs  Tree  Height  In  Plot  #1 


Figure  4.138  Basal  Area  vs  Tree  Height  In  Plot  #2 


Tree  Height  (Meters) 

Figure  4.139  Basal  Area  vs  Tree  Height  In  Plot  #3 
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Figure  4.145  3asal  Area  vs  Tree  Height  In  Plot  #9 
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Figure  4.146  Distribution  Of  Tree  Heights  In  Plot  #1 
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Figure  4.147  Distribution  Of  Tree  Heights  In  Plot  #2 


(SJ3*SW) 
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Figure  4.143  Distribution  Of  Tree  Heights  In  Plot  #3 
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Figure  4.150  Distribution  Of  Tree  Heights  In  Plot  #5.5 
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Figure  4.152  Distribution  Of  Tree  Heights  In  Plot  #7 


100 


0) 

0) 


0  0-00  O  H 

W  ^  CO  N  H 


0> 

0> 


0) 

0) 

0) 


0> 

0> 


o 

0> 


o 


o 

to 


o 

CO 


rH 

o 

H 

o 

o' 


<D 

a 

s 

•H 

•o 


c 

OS 

43 

H 


CO 

CO 


CO 

o 

0 

u 

H 


•M 

c 

3 

£ 


(saa^SM)  iqStsH 


4-403 


Figure  4.154  Distribution  Of  Tree  Heights  In  Plot  #9 


Thailand  -  Korat  Plateau 
Measured  in  January  1964 
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Figure  4.155  Composite  Distribution  of  Tree  Heights  from  All  Plots 
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Figure  4.157  Floristic  Profile,  Plan  View,  Plot  #9 


4.4.3 


Polarization 


y 


The  effect  of  polarization  on  propagation  loss 
is  summarized  in  the  comparisons  in  Figures  4.158  through 
4.162.  Figure  4.158  compares  basic  transmission  loss  for 
horizontal  and  vertical  polarizations  at  25.5  me.  Three  com¬ 
binations  of  antenna  heights  are  given.  The  bottom  curve 
corresponds  to  the  relatively  low  antenna  heights  of  13  feet 
for  transmitting  and  20  feet  for  receiving.  At  these  heights 
both  antennas  are  well  immersed  in  the  foliage  and,  as  Figure 
4.158  shows,  thore  is  significantly  greater  loss  for  the  ver¬ 
tical  polarization.  The  middle  curve  of  Figure  4.158  corre¬ 
sponds  to  transmitting  and  receiving  antenna  heights  of  40 
feet.  At  this  height,  the  two  antennas  are  on  a  level  with 
the  average  tree  height.  The  loss  is  still  greater  for  ver¬ 
tical  polarization,  but  the  margin  is  much  smaller.  The  top 
curve  corresponds  to  transmitting  and  receiving  antenna  heights 
of  80  feet.  In  this  case,  the  two  antennas  are  well  above  the 
average  tree  height  although  there  are  a  relatively  small  number 
of  trees  that  tower  above  the  average  tree  ceiling  and  attain 
a  height  of  80  feet  or  more.  As  the  top  curve  shows,  the  advan¬ 
tage  of  horizontal  polarization  begins  to  disappear  at  the‘  high 
antenna  elevations.  However,  some  horizontal  polarization  advan¬ 
tage  remains  at  the  highest  antenna  elevations  at  25.5  me. 

Figure  4.150  shows  a  similar  comparison  at  50  me. 

For  the  low  antenna  heights,  the  loss  is  greater  for  vertical 
polarization,  as  was  the  case  at  25.5  me.  At  50  me,  howevei , 
the  margin  of  advantage  begins  to  decrease.  For  the  higher 
antenna  elevations,  the  advantage  of  horizontal  polarization 
begins  to  disappear.  Figures  4.160  through  4.162  show  similar 
comparisons  for  100,  250  and  400  me,  respectively.  At  400  me 
the  advantage  of  horizontal  polarization  has  disappeared,  even 
at  the  lowest  antenna  heights.  On  the  average,  the  results  at 
100  me  and  above  appear  to  be  consistent  with  the  trends  seen 
at  25.5  and  50  me. 
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Figure 
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Radio  Noise  Measurements 


The  experimental  program  in  Thailand  includes. meas¬ 
urements  of  radio  noise  in  the  vegetated  test  area,  using 
the  same  equipment  used  for  the  field  strength  measurements. 
These  measurements  are  made  at  all  test  frequencies  below 
50  me  and  are  intended  to  serve  three  purposes.  First,  the 
measurements  are  sometimes  needed  to  correct  the  field  strength 
readings  at  certain  test  frequencies  when  the  field  strength 
level  begins  to  approach  the  noise  level.  Second,  the  meas¬ 
urements  are  used  to  examine  the  possibility  that  the  pres¬ 
ence  of  the  vegetation  might  affect  the  radio  noise  level 
as  a  function  of  receiving  ^ntenna  height  in  the  vegetation. 
Third,  the  collection  of  noise  data  will  serve  the  ultimate 
purpose  of  characterizing  the  noise  environment  of  the  Thai¬ 
land  area  in  relation  to  other  areas  where  similar  measure¬ 
ments  have  been  made,  or  may  be  made  in  the  future. 

Before  discussing  some  of  the  results  of  the  noise 
measurements  in  Thailand,  it  will  perhaps  be  helpful  to  re¬ 
view  some  of  the  general  principles  involved  with  respect  to 
atmospheric  noise.  When  communications  equipment  is  operated 
at  frequencies  of  less  than  about  50  me,  atmospheric  noise 
determines  the  minimum  allowable  signal  level  for  a  given 
grade  of  service.  For  higher  frequencies,  thermal  noise 
associated  with  t’.e  receiving  equipment  becomes  the  dictat¬ 
ing  factor. 

The  interference  potential  of  atmospheric  noise  is 
a  function  of  not  only  its  average  level,  but  also  of  its 
detailed  characteristics.  Due  to  the  complex  nature  of  the 
atmospheric  noise  wave  form,  the  detailed  characteristics  are 
best  described  by  a  statistical  process,  such  as  the  ampli¬ 
tude  distribution  function.  This  is  simply  a  plot  of  instan¬ 
taneous  noise  level  vs  the  probability  (based  on  per  cent  of 
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time)  that  the  level  is  exceeded. 

Early  investigators  concluded  that  atmospheric 
noise  behaved  exactly  as  thermal  noise,  whose  amplitude  dis¬ 
tribution  functions  obey  the  Rayleigh  law.  As  a  consequence, 
the  interfering  potential  was  thought  to  be  fully  assessed  by 
specifying  the  RMS,  average,  and  peak  values  of  the  noise 
pulses.  However,  recent  work  has  established  that  the  typical 
atmospheric  noise  wave  form  does  not  completely  follow  a  Ray¬ 
leigh  distribution  but  instead  deviates  and  eventually  becomes 
log-normal  at  the  low  probability  end  of  the  distribution. 

The  Rayleigh  portion  of  the  distribution  is  represented  by 
the  straight-line  segment  for  probabilities  between  about 
70  per  cent  and  100  per  cent.  The  curved  center  portion  of 
the  plot  is  neither  Rayleigh  nor  log-normal,  but  represents  a 
smooth  transition  between  the  two.  The  Rayleigh  distribution 
results  from  the  fact  that  the  low-amplitude  components  of 
the  wave  form  are  composed  of  random  overlapping  events,  each 
containing  a  small  portion  of  the  total  energy.  As  the  levels 
increase  in  amplitude,  less  and  less  random  overlapping  occurs 
until  the  extreme  low  end  of  the  amplitude  distribution  func¬ 
tion  is  composed  of  widely  spaced,  discrete  components. 

The  National  Bureau  of  Standards,  through  the  use 
of  a  measurement  system  capable  of  responding  to  and  recording 
the  instantaneous  noise  envelope,  has  accumulated  numerous 
amplitude  distributions  at  various  locations  throughout  the 
world.  The  shape  of  the  distribution  did  not  change  sig¬ 
nificantly  from  one  location  to  another,  although  the  RMS 
level  varies  over  a  wide  range.  This  uniformity  of  shape  of 
the  distribution  as  a  function  of  time  and  location  has  led 
to  the  feasibility  of  accurately  predicting  the  distribution 
when  a  few  of  the  measured  statistical  parameters  in  the  time 
domain  are  known. 


The  amplitude  distribution  function,  RMS,  peak,  and 
average  values  all  vary  with  the  bandwidth  of  the  measuring 
device.  Therefore,  in  order  to  use  noise  data  in  a  bandwidth 
different  from  that  of  the  device  used  to  gather  the  data,  a 
transformation  of  the  measured  values  must  be  made.  Theoret¬ 
ical  work  relating  the  amplitude  distribution  function  to 
bandwidth  has  been  carried  out  at  the  National  Bureau  of 
Standards  and  preliminary  results  show  good  agreement  with 
measured  data  for  the  Rayleigh  portion  of  t.  3  curve,  but 
break  down  for  the  remainder  of  the  curve.  Further  work  is 
being  conducted  in  an  attempt  to  accurately  transform  the 
entire  distribution. 

However,  the  empirical  relationships  between  the 
peak,  RMS,  and  average  values  of  atmospheric  noise  and  band¬ 
width  have  been  experimentally  determined  and  used  for  many 
years.  When  the  peak,  average,  and  RMS  voltages  are  plotted 
vs  bandwidth  of  the  measuring  instrument  on  a  log-log  graph, 
the  plots  are  approximately  straight  lines  at  different  slopes. 
The  relation  of  the  line  slopes  to  one  another  indicates  that 
the  peak,  average,  and  RMS  voltage  levels  all  vary  approxi¬ 
mately  as  the  square  root  of  the  bandwidth.  Due  to  the  slight 
variations  in  the  structure  of  atmospheric  noise  as  a  function 
of  time  and  locations,  the  slopes  of  the  lines  will  vary  over 
a  small  range,  depending  upon  the  particular  sample.  Thus,  to 
convert  noise  level  data  from  one  bandwidth  to  another,  it  is 
only  necessary  to  multiply  the  level  by  the  square  root  of 
the  ratio  of  bandwidths  and  this  procedure  will  be  used  in  this 
work. 

Generally  speaking,  the  variations  in  atmospheric 
noise  levels  within  a  given  geographical  region  are  much 
greater  and  more  dynamic  in  the  time  and  frequency  domains 
than  in  the  spatial  domain.  The  methods  of  instrumentation 
to  comprehensively  study  noise  behavior,  therefore,  must  be 
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capable  of  responding  to  and  recording  wide  and  rapidly  vary¬ 
ing  levels  as  a  function  of  time.  Also,  the  time  span 
and  amount  of  data  required  for  analysis  are  both  quite  large. 
In  this  regard,  the  Thailand  noise  measurements  cannot  be 
considered  as  a  comprehensive  study  of  noise  behavior.  Rather, 
these  measurements  were  designed  to  serve  a  limited  set  of 
specific  objectives,  as  described  previously  in  this  section. 
However,  the  noise  measurements  thus  far  obtained  do  afford 
some  insight  into  the  behavior  of  radio  noise  in  the  test 
area,  and  the  results  of  these  measurements  are  discussed  in 
the  next  section. 

4.5.1  Results  of  Noise  Measurements 

Noise  levels  were  measured  by  the  Empire  Devices 
NF-105  field  strength  meter  with  the  function  selector  switch 
in  the  "peak"  position.  A  brief  description  of  the  noise 
detection  circuitry  of  this  instrument  is  given  in  the  next 
section  of  this  report.  However,  from  a  study  of  this  cir¬ 
cuitry  ,  it  would  appear  that  the  true  peaks  of  the  noise  wave 
form  are  not  really  measured  by  this  instrument,  and  that 
there  is  some  uncertainty  in  the  relation  between  measurements 
made  in  the  "peak"  and  "carrier"  positions.  This  uncertainty 
is  related  to  the  statistics  of  the  noise  wave  form  and  cannot 
be  resolved  with  measurements  from  this  instrument  alone.  How¬ 
ever,  past  noise  readings  on  this  instrument  indicate  that  the 
"peak"  position  readings  averaged  10  db  higher  than  those  for 
the  "carrier"  position. 

To  measure  the  change  in  noise  level  with  receiving 
antenna  height,  the  initial  measurement  procedure  was  devised 
to  continuously  measure  and  record  the  noise  field  as  the 
antenna  was  varied  from  about  10  to  80  feet  in  height.  In 
addition,  the  noise  level  was  sampled  and  recorded  as  a  func¬ 
tion  of  time  (1-minute  duration)  at  a  fixed  receiving  antenna 
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height.  These  measurements  were  carried  out  for  all  test  fre¬ 
quencies  at  which  field  strength  measurements  were  also  made. 

When  sufficient  data  became  available  from  the 
above  measurements,  a  preliminary  analysis  was  carried  out  in 
an  attempt  to  determine  the  change  in  noise  level  caused  by  the 
vegetation  as  a  function  of  antenna  height.  Results  of  the 
analysis  showed  the  yariation  with  height  to  be  a  random  fluc¬ 
tuation,  unlike  the  relatively  smooth  relationship  that  is 
exhibited  by  CW  signal  measurements.  Figure  4.163  illustrates 
these  fluctuations  for  a  few  sample  cases. 

Typical  fluctuation  of  the  noise  over  a  1 -minute 
period  was  approximately  4  or  5  db.  Observation  of  Figure 
4.163  shows  about  the  same  degree  of  fluctuation.  Thus,  it  is 
reasonable  to  assume  that  the  variation  of  the  noise  level  with 
antenna  height  as  shown  in  Figure  4.163  is  attributable  to 
"short-term”  variability  of  the  noise  rather  than  to  the  effects 
of  the  vegetation.  The  character  of  this  data  suggests  that 
the  effects  of  the  vegetation  on  noise  levels  will  be  difficult 
to  separate  from  short-term  variability  of  the  data  unless 
the  vegetation  effects  are  quite  significant  as  a  function  of 
antenna  height. 

In  an  attempt  to  obtain  data  in  a  form  which  would 
allow  the  time  variations  and  variations  due  to  vegetation  to 
be  separated,  the  measurement  procedure  described  above  was 
modified.  Rather  than  continuously  measuring  noise  as  a  func¬ 
tion  of  antenna  height  only,  three  discrete  antenna  elevations 
were  selected  and  the  noise  was  sampled  as  a  function  of  time 
at  each  of  these  pre-selected  levels.  The  heights  selected 
were  roughly  10,  42  and  80  feet.  The  median  value  of  noise 
at  each  antenna  level  was  recorded  as  well  as  the  total  vari¬ 
ation  with  time. 

Samples  were  accumulated  over  a  three-month  period 
and  the  over-all  median  value  at  each  antenna  height  was 
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determined.  This  data  is  shown  plotted  vs  frequency  in  Figure 
4. li>4  for  horizontal  polarization.  Vertical  polarization  is 
plotted  in  Figure  4.165.  The  threshold  level  of  the  measure¬ 
ment  system  is  shown  in  each  plot.  This  threshold  level  is 
simply  the  level  below  which  atmospheric  noise  cannot  be 
detected  due  to  the  presence  of  "set”  noise  and  to  the  losses 
in  the  measuring  antenna  system.  Shown  plotted  with  the  meas¬ 
ured  data  are  two  curves  representing  noise  grades  of  40  and  80 

which  are  typical  of  the  noise  level  variations  in  Southeast 
Asia/* 


It  should  be  noted  that  the  CCIR  curves  represent 
RMS  noise  levels  while  the  measured  data  is  more  indicative 
of  peak  values.  If  a  10-db  difference  is  attributed  to  the 
ratio  between  peak  and  RMS,  then  the  measured  data  would 
follow  roughly  the  contour  presented  by  a  noise  grade  of  80. 

t 

The  noise  data  below  12  me  is  proving  to  be  more 
difficult  to  analyze  than  was  anticipated.  There  are  some 
indications  in  the  data  of  possible  contamination  by  noise 
locally  induced  in  the  measuring  system  from  other  auxiliary 
equipment,  and  this  matter  requires  further  investigation 
before  the  data  can  be  reported. 

4.5.2  Noise  Measuring  Instrumentation 

The  radio  noise  measurements  are  made  by  means 
of  an  NF-105  Empire  Devices  field  strength  meter.  The 
second-detector  characteristics  of  this  instrument  are 
determined  by  the  position  of  a  ’’function  switch,”  having 
a  position  marked  ’’Peak”  and  a  position  marked  ’’Carrier." 
This  switch  alters  the  coupling  network  between  the  meter 
detector  and  pulse  stretcher,  as  shown  in  the  following 
diagram. 

6. International  Radio  Consultive  Committee,  Documents  of  the 
VUIth  Plenary  Assembly,  Vol.  1,  Warsaw,  1956,  p.  352. 
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Figure  4.164  Combined  Median  Noise  Levels  for  Nov.,  Dec.,  and  Jan. 

For  Horizontal  Polarization 
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Figure  4.164  Combined  Median  Noise  Levels  for  Nov.,  Dec.,  and  Jan. 

for  Vertical  Polarization 


V 


Meter 


The  meter  detector  circuit  can  be  operated  as  a 
peak  or  average  detector.  The  circuit  operates  as  an  average 
detector  when  the  switch  shown  in  the  schematic  is  in  the 
"carrier"  position.  For  peak  detection,  the  "peak"  switch 
position  is  used. 

The  input  voltage  for  the  detector  circuit  is 
provided  by  a  cathode  follower  whose  characteristic 
output  impedance  is  low.  Since  the  input  impedance  of 
the  two  sections  of  the  detector  is  also  low,  the  resulting 
charge  time  is  extremely  short. 

In  the  "peak"  position,  the  discharge  time  is  made 
long  by  using  a  discharge  resistance  of  50  megohms.  This 
discharge  time  is  further  increased  by  applying  the  50-megohm 
resistor  in  the  grid  circuit  of  one-half  a  double  triode . 
with  negative  feedback  so  that  it  operates  as  a  resistance 
"magnifier"  or  pulse  stretcher. 

In  the  carrier  position,  the  50-megohm 
discharge  resistor  is  effectively  shunted  by  R1  and 
R2  to  a  value  of  approximately  150  K  ohms.  Thus, 
the  discharge  time  is  sufficiently  shortened  to  permit 
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indication  of  average  rather  than  peak  values. 

When  noise  wave  forms  are  being  detected,  it  can 
be  seen  that  the  output  will  depend  upon  the  statistical  dis¬ 
tributions  of  the  wave  form  in  time  and  amplitude.  Therefore, 
under  these  conditions,  the  circuits  measure  neither  peak  nor 
average  values  exactly.  However,  observation  of  numerous 
noise  measurements  indicates  that  the  difference  between  the 
peak  readings  and  the  carrier  readings  is  typically  of  the 
order  of  10  db. 


4.6  Use  of  Propagation  Data  for  Communication 


The  purpose  of  this  section  is  to  discuss  methods 
of  applying  the  results  of  this  report  to  communications 
calculations  for  vegetated  environments  similar  to  Thailand. 
The  AN/PRC-10  radio  set  was  chosen  as  an  example.  A  sample 
calculation  of  its  expected  range  under  these  environmental 
conditions  was  carried  out. 


The  following  inequality  must  be  satisfied  before 
there  can  be  satisfactory  communication 


pt  -  ct  +  Gt  -  Lb 


where 


Pj.  =  transmitter  power  in  dbm 

Ct  =  total  coupling  loss  from  transmitter  to 
transmitting  antenna 

=  effective  transmitting  antenna  gain 

L.  =  basic  transmission  loss 
b 

Gr  =  effective  receiving  antenna  gain 

C  =  total  coupling  loss  from  receiving  antenna 
r  to  receiver 

P  =  power  in  dbm  required  at  input  of  receiver 
to  provide  desired  grade  of  service 
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If  external  noise  is  limiting, 

P  =  S/N  +  F  +  R  (8) 

IT  ft 

where 

S/N  =  signal -to-noise  ratio  required  at  receiver 
input 

F  -  noise  power  (dbm)  from  receiving  antenna 

ft 

R  =  reliability  margin 
If  receiver  sensitivity  is  limiting , 

Pr  *  S/N  +  PQ  +  R  (9) 

where 

PQ  =  minimum  detectable  input  signal  in  dbm. 

Inequality  7  can  be  rearranged  to  yield 
(Pt  -  Pr)  -  (Ct  +  Cr)  +  (Gt  +  Gr)  -  1^  *  0  (10) 

as  the  condition  for  satisfactory  communication. 

It  is  convenient  to  define  the  term 

“  ‘  (pt  -  V  -  (Ct  +  Cr>  +  (Gt  +  Gr)  -  Lb  (11) 

where  M  will  be  called  the  communication  margin.  If  M  ^  0, 
communication  is  possible  with  the  desired  reliability;  if 
M  <  0,  communication  is  not  possible  with  the  desired  relia¬ 
bility  . 

In  general,  each  of  the  terms  in  equation  11  will 
be  uncertain  to  some  extent.  For  example,  the  exact  power 
output  will  depend  in  large  measure  upon  battery  age.  The 
factors  and  Cr  may  vary  from  set  to  set  of  the  same  type. 
The  antenna  gain  factors  are  subject  to  variation,  depending 
upon  the  proximity  of  the  antennas  to  foliage,  and  can 
vary  in  a  random  manner  from  one  location  to  the  next,  as  has 
been  demonstrated  in  previous  sections  of  this  report. 


3 

3 


•» 
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Thus,  the  communication  margin,  M,  becomes  a  sta¬ 
tistic.  The  probability  that  U  ^  0  is  the  probability  that 
communication  can  take  place.  The  distance  which  corre¬ 
sponds  to  a  probability  of  P  per  cent  that  M  £  0  is  defined 
as  the  communication  range  associated  with  a  confidence 
level  of  P  per  cent.  The  median  communication  range  is  the 
distance  for  which  there  is  a  50  per  cent  probability  that 
M  *  0. 

Two  questions  arise:  (1)  What  statistics  should 
be  associated  with  each  of  the  factors  on  the  right  of  equa¬ 
tion  11?  and  (2)  knowing  the  statistics  which  are  associated 
with  each  of  the  factors  on  the  right  of  equation  11,  how  is 
the  statistical  distribution  of  the  communication  margin,  11, 
determined? 

Considering  the  second  question  first,  assume  that 
m^  (as  i  runs  from  1  to  7)  is  the  mean  value  of  each  of  the 
random  variables  (Pt,  Pr,  Gt,  Gr,  Ct ,  Cr  and  1^)  to  be  summed 
in  equation  11.  Further,  assume  that  (as  i  again  runs 
from  1  to  7)  is  the  standard  deviation  of  the  seven  random 
variables  to  ba  summed  in  equation  11.  Then  the  mean  value, 
m,  of  the  communication  margin,  M,  is 


i=l 

and  the  standard  deviation,  a,  of  the  communication  margin, 

M,  is 

7 

°  =  E  ai2  (13) 

i=l 

The  mean  value,  standard  deviation  and  type  of  dis- 
*  .  tribution  completely  define  the  desired  statistic.  The  mean 
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value  and  standard  deviation  can  always  <  5  determined  from 
equations  12  and  13.  This  leaves  the  question  as  to  what 
type  of  statistical  distribution  results  from  the  summation 
of  the  seven  factors  which  go  into  the  communication  margin. 
With  a  normal  distribution  for  eacn  of  the  seven  factors, 
the  resulting  communication  margin  is  normally  distributed 
with  the  mean  and  standard  deviation  presented  above. 

Usually,  but  not  always,  the  distributions  which 
must  be  used  may  be  satisfactorily  approximated  by  normal 
distributions.  Variables  with  any  arbitrary  statistical  dis¬ 
tribution  may  be  combined  by  convolution.  The  only  require¬ 
ment  for  practical  application  is  that  the  distributions  be 
adequately  known,  either  in  analytic  or  tabular  form. 

The  convolution  is  performed  in  the  following 
manner.  Assume  that  Xj,  X2,  ...  X7  represent  the  seven 
independent  random  variables  which  are  to  be  added  in  equa¬ 
tion  11  to  obtain  the  communication  margin,  M.  Their  sta¬ 
tistical  frequency  distributions  will  be  written  as  f^CX), 
f2(X),  ...  fy(X) ,  and  their  cumulative  probability  distri¬ 
butions  expressed  as  F^X),  F2(X),  ...  F7(X).  Either  the 
frequency  distribution  or  the  cumulative  distribution 
uniquely  defines  the  statistical  distribution  since  they 
are  related  by  the  equation 

f  (X)  =  (14) 

Either  the  frequency  distribution,  f(X),  or  the 
cumulative  distribution,  F(X) ,  of  the  variable  M  must  be 
determined.  The  communication  margin,  M,  is  given  by  the 
notation  just  adopted  as 

7 

M  =  £  X.  (15) 

i=l 
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The  frequency  distribution  2(X)  of  the  sum  of 
and  X2  is  given  by 

00 

fl,2(X)  =  J  fl(X  "  t)  f2(r)  d  (t)  (16) 

“00 

Applying  equation  16  six  times  will  yield  the  re¬ 
quired  frequency  distribution  for  the  communication  margin, 

M.  Equivalently,  the  convolution  process,  as  given  in  equa¬ 
tion  16  may  be  applied  to  the  cumulative  distribution,  thus 

F1,2(X)  =  {  F1(X  "  t)  d  [F2  (T)]  (17) 

—00 

In  this  way,  the  statistical  distribution  representing  the 
communication  margin  can  be  obtained  for  any  situation/  of 
interest.  In  general,  the  assumption  of  normality  for  each 
contributing  factor  is  sufficient,  and  the  result  is  a  normal 
distribution  whose  mean  and  standard  deviation  are  given 
simply  by  equations  12  and  13. 

As  to  the  first  important  question  about  what  sta¬ 
tistics  should  be  associated  with  each  cf  the  factors  which 
go  into  the  determination  of  the  communication  margin,  M, 
the  largest  statistical  uncertainty  is  almost  always  found 
in  Lfe,  the  basic  transmission  loss.  Attention  will  be  focused 
upon  the  factor  in  the  remainder  of  this  section. 

This  report  presents  two  possible  sources  of 
statistics  which  can  be  of  immediate  use.  The  first  source 
is  the  modified  Egli  model,  which  is  discussed  in  Section 
4. 2. 2. 4.  Based  on  the  results  appearing  in  Section  4. 2. 2. 4, 
the  median  for  25.5  me  and  above  is  given  by 

Lfe  =  116.57  +  20  log  f  -  20  log  (h^)  +  40  log  d  +  F.F.  (18) 
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where 


f  =  frequency  in  megacycles 

h,,  h2  =  transmitting  and  receiving  antenna  heights 
in  feet,  respectively 

d  =  separation  distance  in  miles 

F.F.  =  foliage  factor  (Figure  4.17)  for  both  horizontal 
and  vertical  polarizations. 

can  be  assumed  to  be  normally  distributed  with 

a  standard  deviation,  a  ,  as  follows. 

I 

ct^  =  5.7  log  f  -  2.6  (19) 

Alternatively,  the  vehicular  data  in  Section  4. 3. 3. 2 
can  be  used.  The  section  presents  the  medians  and  standard 
deviations  for  the  normally  distributed  for  a  large  number 
of  sample  distance  intervals. 

The  following  sample  problem  provides  an  example 
of  the  use  of  the  above  data  in  conjunction  with  the  com¬ 
munication  margin  to  determine  possible  communication  ranges. 
The  AN/PRC-10  man-pack  set  will  be  used  as  an  example.  The 
AN/PRC-10  has  been  the  object  of  intensive  measurement  as  a 
part  of  the  Department  of  Defense  Spectrum  Signature  Program. 
The  following  'characteristics  will  be  assumed  at  50  me,  based 

7 

on  information  provided  by  measurements  on  the  AN/PRC-10. 


7.  The  following  related  reports,  submitted  October  1963  to 
the  U.  S.  Army  Electronic  Proving  Ground,  Fort  Huachuca, 
Arizona,  under  Contract  No.  DA  36-029  SC-80928,  by  the 
Jansky  &  Bailey  Research  and  Engineering  Division  of 
Atlantic  Research  Corporation,  and  Frederick  Research 
Corporation:  ”U.  S.  Army  RFCP  Spectrum  Signature  Pro¬ 
gram,  Radio  Set  AN/PRC-10  (Ser.  No.  732),  SS-315.1  (F) , 
Test  Sample  1  of  3  Sample  Lot,”  "U.  S.  Army  RFCP  Spec¬ 
trum  Signature  Program,  Radio  Set  AN/PRC-10  (Ser.  No. 
9099),  SS-315.2  (F),  Test  Sample  2  of  3  Sample  Lot,"  and 
U.  S.  Army  Spectrum  Signature  Program,  R^dio  Set  AN/PRC- 10 
(Ser.  No.  639),  SS-315.3  (F) ,  Test  Sample  3  of  3  Sample 
Lot." 
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Factor 

Median 

Standard  Deviation 

Distribution 

pt 

25  dbm 

2  db 

Normal 

p 

i* 

-115  dbm 

2  db 

Normal 

Ct 

2  db 

1/2  db 

Normal 

Cr 

2  db 

1/2  db 

Normal 

Gt 

3  db 

1  db 

Normal 

G 

\  3  db 

1  db 

Normal 

\ 

Equations  18  and  19  will  be  used  to  obtain  the  mean, 


m,  and  the  standard  deviation,  a,  for  L^,  assuming  antenna 
heights  of  7  feet  and  vertical  polarization  at  each  end.  Thus 
from  equation  18 

Lb(mean)  =  133  +  40  log  d  (db)  "  (20) 

and  from  equation  19 

a  =  6.1  (21) 

Xj 

The  mean  value  bf  the  communication  margin,  M,  is 
given  by  using  equation  12  as  follows: 

M  (mean)  =  25  dbm  +  115  dbm  -  2  db  -  2  db  +  3  db  (22) 
+  3  db  -  133  -  40  log  d 
or 

M(mean)  +17-40  log  d  (23) 

The  mean  effective  range  is  the  point  at  which  M 
(mean)  =0.  In  this  case  it  is  the  distance  at  which 

40  log  d  -  17  (24) 

or 

d  =  2.6  miles  (25) 

The  standard  deviation  for  the  communication  margin, 

M,  is  given  by  equation  13  as  follows: 
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CT2  =  22  +  22  +  (1/2)2  +  (1/2)2  +  (l)2  +  (l)2  +  (6. I)2  (26) 

a  -  6.9  db  (27) 

Using  the  fact  that  the  communication  margin,  M, 
is  normally  distributed  with  a  mean  value  of  17  -  40  log  d 
and  a  standard  deviation  of  6.9  db,  it  is  possible  to  plot 
the  family  of  curves  shown  in  Figure  4.166.  Each  curve  of 
the  family  has  a  certain  probability  associated  with  it.  That 
probability  is  defined  as  the  confidence  level. 

The  communication  margin  at  any  confidence  level 
is  related  to  the  median  communication  margin  as  follows: 

M  (P%)  =  M  (median)  -  C  (P%)  (28) 

where 

M  (P%)  -  the  communication  margin  at  a  P% 
confidence  level 

M  (median)*  the  median  (i.e.,  50%)  confidence  level 

C  (P%)  =  an  adjustment  factor,  given  in 
Figure  4.167. 

In  the  case  of  a  normal  distribution,  M  (median) 
is  equal  to  M  (mean) .  The  distance  at  which  a  given  con¬ 
fidence  level  curve  crosses  zero  on  Figure  4.166  is  the 
range  that  will  be  attainable  at  the  indicated  confidence 
level.  The  results  from  Figure  4.166  can  be  replotted  as 
shown  in  Figure  4.168.  Figure  4.168  shows  that  for  the 
AN/PRC-10  used  in  this  sample  problem,  there  is  a  90  per 
cent  confidence  level  of  obtaining  a  range  of  1.5  miles,  but 
only  a  10  per  cent  confidence  level  of  obtaining  a  range  of 
4.5  miles. 
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Figure  4.168  Communication  Range  as  a  Function  of  Confidence  Level 


5.  MEASUREMENTS  ABOVE  425  MC 


The  propagation  measurement  program  in  Thailand 
has  be on  extended  to  cover  the  frequency  range  from  0.4  to 
10  gc,  These  measurements  consist  chiefly  of  measurements 
of  line~of -sight  transmissions  over  an  obstacle,  refractive 
index  measurements  along  the  line-of -sight  path,  and  measure¬ 
ments  of  short-range  transmissions  directly  through  foliage. 
The  purpose  of  these  measurements  is  to  obtain  and  analyze 
basic  propagation  data  which  will  be  useful  in  the  design 
and  evaluation  of  ground-based  surveillance  and  intrusion 
detection  systems  as  well  as  of  communications  systems.  The 
instrumentation  systems  for  these  tests  are  described  in 
Semiannual  Report  Number  5. 

The  basic  measurement  equipment  was  received  at 
the  Principal  Laboratories  early  in  this  report  period. 

Spare  parts  and  miscellaneous  maintenance  equipment  were 
also  procured.  All  equipment  was  tested  individually  for 
compliance  with  the  manufacturers  specifications  and  several 
items  had  to  be  returned  to  suppliers  for  repairs.  The 
equipment  was  also  interconnected  and  operated  in  the  various 
test  and  calibration  system  configurations  to  cheek  the 
over-all  performance  and  procedures. 

Since  the  antennas  used  for  the  short-range  meas¬ 
urements  in  4  he  foliage  must  be  capable  of  being  elevated 
above  ground  level,  remote  antenna  positioning  for  azimuth, 
elevation  and  polarization  was  necessary.  A  remote  azimuth 
positioning  mechanism  was  fabricated  to  be  used  as  the 
mounting  base  for  the  Ant-Lab  antenna  positioner.  This  base 
provides  for  the  azimuthal  movement  and  the  Ant-Lab  positioner 
provides  for  the  elevation  and  polarization  adjustments. 

A  servo-indicator  system  was  incorporated  to  provide  remote 
position  readout  as  well  as  remote  position  control.  A 
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framework  assembly,  supporting  the  positioner  and  antenna, 
was  constructed  and  provisions  were  made  for  raising  this 
assembly  on  a  tower  using  a  geared  hoist. 

5.1  Measurement  Site  Selection 

As  noted  in  the  field  test  plan  for  the  extended 
frequency  measurements,  two  different  foliated  areas  in 
Thailand  are  required  for  these  measurements.  One  of  these, 
designated  Area  A,  has  been  selected  in  the  vicinity  of  the 
site  being  used  for  the  100-kc  to  425-mc  tests.  Jansky  & 

Bailey  personnel,  assisted  by  members  of  the  MRDC  staff, 
devoted  considerable  time  to  the  selection  of  a  suitable 
location  for  Area  B.  Aerial  and  surface  surveys  were  con¬ 
ducted  over  large  areas  of  southeastern  Thailand  before  the 
final  selection  was  made  of  a  location  near  Sattahip.  The 
area  chosen  is  on  land  under  control  of  the  Thai  Navy  and 
negotiations  were  started  through  MRDC  to  obtain  permission 
for  the  use  of  this  location.  The  vegetation  in  this  area 
differs  considerably  from  that  in  the  Pak  Chong  region.  It 
is  extremely  dense  and  green.  The  growth  is  primarily 
bamboo,  about  20  to  30  feet  high,  with  heavy  underbrush. 

Additional  surveys  were  also  made  in  Area  A  to 
establish  a  suitable  line-of-sight  path  with  a  well-defined, 
foliated  obstacle  near  mid-path. 

The  location  of  Areas  A  and  B  are  shown  in  Figure  5.1. 
Figures  5.2  and  5.3  show  the  line-of-sight  paths  within  the 
two  areas. 

5 .2  Field  Measurements 

The  first  series  of  measurements  is  presently  under 
way  in  Area  A.  The  path  selected  has  rising  terrain  at  each 
extremity,  thus  providing  for  variation  in  the  heights  of 
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the  transmitting  and  receiving  antennas.  Field  personnel 
had  to  clear  away  considerable  foliage  in  the  vicinity  of 
the  antennas  to  provide  an  unobstructed  antenna  foreground. 
Two  wooden  towers  approximately  40  feet  high  were  erected 
for  the  antennas  at  the  transmitting  end  of  the  path. 

The  hill  at  the  receiver  end  is  very  steep  and 
only  short  antenna  towers  are  required  to  provide  adequate 
Fresnel  zone  clearance.  Nine  antenna  support  platforms 
were  constructed  at  the  receiving  end.  An  area  at  the  top 
of  the  receiver  hill  was  cleared  to  provide  a  helicopter 
landing  area.  The  steepness  of  the  hill  makes  helicopter 
transportation  of  equipment  virtually  essential.  Additional 
portable  equipment  shelters  and  camp-type  living  quarters 
were  erected  at  each  end  of  the  path.  Antenna  calibration 
towers  were  erected  in  the  clearing  of  the  main  test  site 
for  use  in  calibrating  and  making  pattern  measurements  of 
the  transmitting  and  receiving  antennas. 

An  engineer  from  the  Principal  Laboratories  was 
assigned  to  Thailand  in  June  to  advise  and  work  with  the 
field  team  during  the  initial  phases  of  the  measurement 
program.  All  equipment  was  moved  from  Bangkok  to  the  test 
site  and  complete  operational  checkouts  were  made.  Calibra¬ 
tion  checks  and  comparisons  were  conducted  on  all  attenuators, 
power  meters  and  field  intensity  meters.  Antenna  gain  and 
pattern  measurements  were  made  on  all  the  discone,  dish, 
and  horn  antennas.  Throughout  this  process  emphasis  was 
placed  on  establishing  standard  procedures  for  these  cali¬ 
brations  in  addition  to  obtaining  calibration  data. 

A  short  series  of  line-of-sight  measurements  was 
made.  These  measurements  were  essentially  of  a  preliminary 
nature,  primarily  intended  to  establish  the  proper  standard 
procedures  for  measuring  radiated  power  at  the  transmitting 
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antenna  and  received  power  at  the  receiving  antenna.  In 
addition,  data  recording  procedures  were  reviewed  and 
established.  A  similar  series  of  short-range  tests  is 
planned  to  establish  efficient  operational  techniques  and 
to  obtain  approximate  foliage  attenuation  values  which  can 
be  used  as  a  guide  in  finalizing  the  short-range  test  pro¬ 
cedures  . 


Figure  5.1  Test  Areas  for  Measurements  Above  425  Me 


Figure  5.2  Area  A  for  Measurements  Above  425  Me 
Line-of -Sight  Test  Path 
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Figure  5.3  Area  B  for  Measurements  Above  425  Me 
Line-of -Sight  Test  Path 


6.  TECHNICAL  FILM  REPORTS 


The  second  SEACORE  film,  titled  "Defense  Communi¬ 
cations  Research  in  Thailand,"  was  completed  during  this 
period.  This  film  was  produced  with  both  English  and  Thai 
language  sound  tracks,  '"he  Thai  text  having  been  submitted 
to  ARPA  for  approval  prior  to  printing.  All  copies  of  this 
film  are  currently  in  the  process  of  being  delivered  to  the 
Government,  thus  completing  this  task  under  the  propagation 
research  program. 
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7.  MEETINGS  AND  CONFERENCES 

11-12  January  1965.  The  Project  Director  visited 
the  Rolligon  Corporation,  Houston,  Texas,  with  the  Contract¬ 
ing  Officer’s  Technical  Representative,  USAEL.  The  purpose 
of  this  visit  was  to  review  the  results  of  the  preliminary 
tests  of  the  Rolligon  in  Thailand,  and  to  discuss  various 
modifications  to  increase  the  stability  and  cross-country 
speed  of  this  special  vehicle.  The  Rolligon  Corporation 
demonstrated  three  versions  on  rough  and  muddy  ground.  All 
three  versions  exhibited  increased  stability,  but  the  version 
with  a  two-bag  trailer  proved  to  be  the  most  stable. 

4  March  1965.  Representatives  of  the  Stanford 
Research  Institute  and  Jansky  &  Bailey  attended  a  conference 
conducted  by  Messrs.  Robert  Kulinyi  and  Howard  Kitts  of  USAEL. 

The  purpose  of  the  conference,  which  was  held  at  Fort  Monmouth, 
was  to  discuss  the  technical  feasibility  of  carrying  out  three- 
dimentional  antenna  pattern  measurements  of  the  transmitting 
antennas  being  used  by  Jansky  &  Bailey  at  its  transmitting  site 
in  Thailand.  These  measurements  would  be  made  by  SRI,  using 
their  XELDOP  system.  The  fundamentals  of  a  feasible  technical 
plan  were  developed  during  this  conference  and  are  currently  being 
being  further  refined  by  USAEL. 

19  May  1965.  Mr.  George  Hagn  of  Stanford  Research 
Institute  met  with  project  personnel  at  the  Atlantic  Research 
Principal  Laboratories  to  discuss  the  application  of  the 
J  &  B  path  loss  data  to  the  work  Mr.  Hagn  is  doing  to  develop 
methods  for  predicting  mean  effective  ranges  for  mobile  rad^o 
equipments.  The  latter  half  of  this  conference  was  attended 
by  Messrs.  Robert  Kulinyi  and  Howard  Kitts  and  Major  Alexander 
Sidon  of  USAEL. 
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24  May  1965.  The  Project  Director  presented  a 
briefing  on  the  tropical  propagation  research  program  for 
Major  General  Benjamin  Pochyla,  Commanding  General  of  the 
U.  S.  Army  Electronic  Proving  Ground,  and  members  of  his 
staff  at  Fort  Huachuca,  Arizona.  This  briefing  included  a 
showing  of  the  ’’Defense  Communications  Research  in  Thailand” 
film. 

28  May  1965.  The  Project  Director  met  with  Colonel 
William  D.  Tigertt,  Director,  Walter  Reed  Army  Institute  of 
Research,  and  Dr.  David  P.  Jacobus,  Chief  of  the  Institute’s 
Department  of  Medicinal  Chemistry,  to  discuss  possible  pre¬ 
ventives  for  the  particular  strain  (or  strains)  of  malaria 
that  has  become  evident  in  the  J  &  B  test  area  as  well  as  in 
other  areas  in  Thailand.  During  this  conference  a  basic 
plan  was  established  for  close  cooperation  between  J  &  B 
personnel  and  Army  medical  personnel  in  Thailand.  This 
cooperation  would  include  providing  the  medical  personnel 
with  blood  samples,  etc.,  from  J  &  B  personnel  contracting 
this  strain  of  malaria.  Slides  of  these  samples  would  be 
returned  to  Walter  Reed  for  further  study. 

8  June  1965.  The  Project  Director  and  the  Project 
Engineer  of  the  Propagation  group  met  with  representatives 
of  USAEL  and  the  Defense  Research  Corporation  (California) 
at  Fort  Monmouth,  New  Jersey,  to  discuss  Jansky  &  Bailey’s 
providing  DRC  with  copies  of  unreduced  Thailand  field  data. 
Basic  arrangements  were  made  for  DRC  representatives  to 
visit  the  Jansky  &  Bailey  facility  in  Alexandria,  Virginia, 
to  select  the  units  of  data  they  wanted. 

10-11  June  1965.  The  Project  Director  and  the 
Project  Engineer  of  the  Propagation  group  attended  the 
National  Bureau  of  Standards  conference  on  radio  wave  propa¬ 
gation  over  irregular  terrain  at  Boulder,  Colorado.  Members 
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of  the  CRPL  staff  presented  several  excellent  discussions, 
and  the  conference  provided  an  opportunity  to  become  ac¬ 
quainted  with  the  considerable  research  work  now  being  done 
in  the  area  of  radio  propagation  at  CRPL. 

16-17  June  1965.  Two  representatives  of  the 
Defense  Research  Corporation  met  with  members  of  the  J  &  B 
staff  at  Alexandria,  Virginia,  to  review  the  basic  Thailand 
field  data.  As  a  result  of  this  conference  some  1200  sheets 
of  the  field  data  were  selected  for  reproduction  and  trans¬ 
mission  to  DRC. 
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8.  PROJECT  PERSONNEL 


The  success  of  any  research  project  such  as  this 
depends  on  the  technical  contributions  of  many  dedicated 
people,  working  both  behind  the  scenes  and  in  the  forefront. 

In  this  regard,  credit  is  due  all  the  engineers  and  techni¬ 
cians  who  make  up  the  project  teams.  Particularly,  credit 
is  due  Mr.  Neil  J.  Schairer ,  who  heads  the  instrumentation 
team;  Mr.  Charles  B.  Sykes,  who  heads  the  field  measurement 
activities  in  Inailand;  and  Mr.  Kenneth  G.  Heisler ,  who  heads 
the  data  reduction  and  analysis  team  at  the  Principal  Labora¬ 
tories. 

With  respect  to  the  technical  writing  and  prepara¬ 
tion  cji  this  report,  special  credit  is  due  Mr.  Heisler  and 
members  of  his  team:  Mr.  J.  P.  Kallenborn,  Mr.  Standish 
Marriott,  and  Mr.  W.  P.  Seneker. 

Additionally,  the  following  people  contributed  to 
the  program  effort  during  the  interval  covered  by  this  report: 


p. 

A. 

Anti 

Field  Engineer 

R. 

W. 

Ayers 

Field  Technician 

W. 

A. 

Backus 

Engineer 

S. 

L. 

Bailey 

Vice  President,  Atlantic  Research  Corporation 

R. 

F. 

Bass 

Field  Engineer 

K, 

E. 

Bodle 

Field  Technician 

F. 

I. 

Clevenger 

Technician 

C. 

0. 

Conway 

Field  Technician 

S. 

R. 

Courtney 

Technician 

H. 

R. 

Cozzens 

Field  Administrator,  Thailand 

R. 

H. 

Dawson 

Field  Technician 

T. 

J. 

Deebel 

Field  Technician 

L. 

L. 

Engel 

Technician 

J. 

J. 

Grant,  IV 

Assistant  Project  Engineer,  Thailand 
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c. 

E. 

Greeley 

Mechanical  Design  Engineer 

R. 

w. 

Gross 

Assistant  Project  Engineer,  Thailand 

E. 

J. 

Knowles 

Data  Technician 

C. 

R. 

Kocherhans 

Field  Technician 

R. 

E. 

Linehan 

Machinist 

G. 

V. 

Lucha 

Assistant  Project  Engineer,  Thailand 

F. 

T. 

Mitchell,  Jr. 

Division  Director 

W. 

B. 

Munson 

Engineer 

J. 

D. 

O'Neal 

Mechanical  Engineer 

E. 

0. 

Parham 

Field  Technician 

L. 

V. 

Pellettier 

Assistant  to  Project  Director 

D. 

C. 

Ports 

Manager ,  E  &  C  Development  Department 

J. 

E. 

Pratt 

Field  Technician 

Dr 

.  H. 

R.  .Seed 

Propagation  Consultant 

L. 

L. 

Reiser 

Technician 

A. 

M. 

Richardson 

Machinist 

R. 

G. 

Robertson 

Field  Engineer 

W. 

C. 

Roehr,  Jr. 

Field  Engineer 

L. 

G. 

Sturgill 

Project  Director 

D. 

L. 

Traf ton 

Engineer 

R. 

L. 

Weddle 

Technician 

K. 

E. 

Zasowski 

Field  Technician 

/ 

/ 

/ 
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Appendix  A 

SMOOTH-EARTH  HEIGHT  FUNCTIONS 
Height  functions  for  beyond-the-horizon  trans- 

3 

mission  under  smooth-earth  conditions  are  given  by  Norton 
as  follows:  Transmitting  and  receiving  of  antenna  heights 
are  measured  in  terms  of  a  numerical  antenna  height,  q^  and 
q2 .  These  numerical  antenna  heights  are  functions  of  fre¬ 
quency,  polarization,  ground  constants,  and  the  actual 
antenna  heights.  Either  q.^  or  q2  may  be  calculated  as 
follows: 

For  vertical  polarization 


q 


.Cos2  b” 

(x  "Cos'¥T' 


where 

h  ~  antenna  height 
X  *  wavelengths  in  same  units  as  h 

x  =  60 cX 


where 

a  -  earth  conductivity  in  mho-m/sq  m 
X  =  wavelengths  in  meters 

e  -  1 
Tan  b’  -  -i— - 

«rW 

where 

■  relative  permittivity  of  ground 

Gr 

Tan  b"  = 
b  -  2b"  -  b’ 


(1) 


(2) 


(3) 


(4) 

(5) 


3.K  A.  Norton,  "The  Calculation  oi  Ground-Wave  Field  Intensity 
Over  a  Finitely  Conducting  Spherical  Earth,"  Proc.  IRE.  dd 
623-639,  December  1941. 
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For  horizontal  polarization 


q 


2vh  ,  x  v 
"  ~5T  (Cos  ¥r) 


(6) 


where 

h  -  antenna  height 
X  *  wavelength  in  same  units  as  h 
x  =  quantity  defined  by  equation  2 
b*  *  angle  defined  by  equation  3 

The  height  functions  denoted  as  f(qj)  and  f(q2> 
are  essentially  unity  for  values  of  q1  or  q2  up  to  approx¬ 
imately  0.1.  This  means  that  there  is  no  height  variation 
as  q1  or  q2  ranges  over  values  below  0.1. 

For  values  of  q1  or  q2  greater  than  approximately 
10,  f(q1)  and  f(q2)  are  equal  to  and  q2,  respectively. 

Since  fCq^  and  f(Q2)  are  equal  to  q^^  and  q2,  and  q.^  and 
q2  are  directly  proportional  to  h-^  and  h2  (as  equations  1 
and  6  show),  the  height  effect  is  directly  proportional  to 
antenna  height  for  q  values  greater  than  10. 

For  values  of  qj  and  q2  between  0.1  and  10,  the 
dependence  of  f(q^)  and  f(q2)  on  height  gradually  changes 
from  no  dependence  at  all  to  direct  dependence.  The  rate 
of  change  from  one  state  to  the  other  depends  upon  the  angle 
b  given  by  equation  5  which,  in  turn,  depends  upon  frequency  and 
the  ground  constants. 

The  height  functions  represented  by  f(q^)  and  f(q2) 
have  been  plotted  in  Figures  A.l  and  A. 2  for  the  frequencies 
of  interest  in  this  report.  Ground  constants  of  0.03  mhos 
per  meter  for  ground  conductivity  and  15  for  relative  per¬ 
mittivity  were  used. 
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Figure  A.l  gives  the  height  function  for  vertical 
polarization  and  Figure  A. 2  gives  the  height  function  for 
horizontal  polarization. 

Figure  A.l  indicates  that  there  should  be  no  height 
effect  for  frequencies  of  12  me  and  below  for  vertical  polar¬ 
ization  on  a  smooth-earth  basis.  In  Section  4. 3. 2. 2.1  it 
was  noted  that  the  measured  data  indicated  a  height  effect 
at  12  me.  Figure  A. 2  indicates  a  height  effect  at  every 
frequency  for  horizontal  polarization.  This  is  consistent 
with  the  measured  results  in  that  a  height  effect  was  noted 
at  every  frequency  measured  for  horizontal  polarization  as 
noted  .n  Section  4. 3. 2. 2.1. 
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Figure  A.l  Theoretical  Smooth-Earth  Height  Functions,  Vertical  Polarization 
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Theoretical  Smooth-Earth  Height  Functions,  Horizontal  Polarization 
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APPENDIX  B 

i 

FIELD  MEASUREMENT  NOTES 


t 


Measure- 


Fig.  ment 

No.  Measurement  Parameters  Number 


3.10  L.  -  F.  (25.5,  V,  21,  0.2,  H  )  W-109 

D  A  0.45  r  P-61 

0.7  ¥-62 

1.0  P-80 

2.0  J-71 

3.0  ¥-57 

4.0  L-70 

3.11  L.  -  F,  (25.5,  V,  40,  0.2,  H  )  ¥-10 

A  0.45  r  L-12 

0.7  L-ll 

1.0  L-6 

2.0  ¥-7 

3.0  ¥-55 

4.0  P-33 

7.0  P-35 

10 . 5  L-32 

14.0  ¥-23 

3.12  L.  **  F.  (25.5,  H,  13,  0.2,  H  >  P-48 

*  0.45  r  P-60 

0.7  L-46 

1.0  L-50 

2.0  J-61 

3.0  L-54 

4.0  L-68 

7.0  ¥-86 

10.5  ¥-92 

14.0.  ¥-96 

17.0  ¥-99 

3.13  L  -  F.  (50,  V,  13,  0.2,  H„)  L-40 

D  A  0.45  r  J-52 

0.7  J-56 

1.0  L-44 

2.0  J-57 

3.0  T-32 

4.0  T-33 

7.0  ¥-90 

10.5  ¥-93 

14.0  ¥-98 


r 


B-l 


Date  of 
Measure¬ 
ment 


12/14/64 

9/26/64 

11/4/64 

11/5/64 

9/6/64 

9/17/64 

9/16/64 

7/23/64 

7/22/64 

7/22/64 

7/22/64 

7/23/64 

9/17/64 

7/16/64 

7/16/64 

8/10/64 

8/10/64 

9/1/64 

9/26/64 

9/3/64 

9/3/64 

9/2/64 

9/3/64 

9/16/64 

12/6/64 

12/7/64 

12/7/64 

12/8/64 

8/29/64 

8/30/64 

8/30/64 

8/29/64 

8/30/64 

8/31/64 

8/31/64 

12/6/64 

12/7/64 

12/7/64 


Measure- 

Fig.  ment 

No.  Measurement  Parameters  Number 


3.14  L.  -  F.  (50,  H,  13,  0.2,  H  )  P-49 

M  A  0.45  r  P-54 

0.7  L-47 

1.0  L-51 

2.0  J-63 

3.0  L-56 

4.0  L-73 

7.0  V-89 

10.5  W-94 

14.0  W-97 

17.0  W-100 

3.15  L.  -  F.  (50,  H,  80,  0.2,  H  )  B-31 

D  A  0.45  r  B-34 

0.7  B-53 

1.0  B-40 

2.0  B-43 

3.0  B-46 

4.0  B-49 

7.0  S-135A 

14.0  S-136D 

3.16  L.  “  F.  (100,  H,  13,  0.2,  H  )  L-41 

^  A  0.45  r  J-53 

0.7  J-54 

1.0  L-42 

2.0  J-64 

3.0  L-57 

4.0  T-35 

7.0  W-88 

3.17  L.  -  F.  (250,  V,  13,  0.2,  H  )  L-65 

*  0.45  r  W-45A 

0.7  W-41 

1.0  P-82 

2.0  W-49 

3.0  W-54 

3.18  L.  -  F.  (250,  V,  40,  0.2,  H  )  L-66 

^  A  0.45  r  T-72 

0.7  W-40 

1.0  J-82 

2.0  W-47 

3.0  W-56 

3.19  L.  -  F.  (250,  H,  40,  0.2,  H  )  L-18 

^  A  0.45  r  L-19 

0.7  P-43 

1.0  P-44 

2.0  W-10 

3.0  L-26 


B-2 


Date  of 
Measure¬ 
ment 


9/1/64 

9/1/64 

9/3/64 

9/3/64 

9/2/64 

9/3/64 

9/16/64 

12/6/64 

12/7/64 

12/7/64 

12/8/64 

6/30/64 

6/30/64 

7/2/64 

7/1/64 

7/1/64 

7/1/64 

7/2/64 

7/9/64 

7/10/64 

8/29/64 

8/30/64 

8/30/64 

8/29/64 

9/2/64 

9/3/64 

8/3/64 

12/6/64 

9/13/64 

9/10/64 

9/8/64 

11/5/64 

9/14/64 

9/17/64 

9/13/64 

12/13/64 

9/8/64 

9/7/64 

9/14/64 

9/17/64 

8/7/64 

8/7/64 

8/8/64 

8/8/64 

12/4/64 

8/8/64 


» 


t 


*■ 


Fig. 

No. 

3.20 


3.21 


3.22 


3.23 


3.24 


3.25 


Measure 

meat 

Measurement  Parameters  Number 


1^  -  Fa  (250,  H,  80 


1^  -  Fa  (400,  V,  13 


-  Fa  (400,  V,  80 


1^  -  Fa  (400,  H,  13 


1^  -  Fa  (400,  H,  40 


1^  -  Fa  (400,  H,  80 


0.2, 

h_) 

L-62 

0.45 

r 

T-73 

0.7 

L-89 

1.0 

L-8 

2.0 

W-101 

3.0 

W-4 

4.0 

P-32 

0.2, 

H_) 

P-57 

0.45 

r 

W-32 

0.7 

W-61 

1.0 

J-76 

2.0 

J-75 

3.0 

J-66 

0.2, 

Hr) 

P-13 

0.45 

r 

P-14 

0.7 

P-16 

1.0 

P-17 

2.0 

B-9 

3.0 

S-131 

0.2, 

H  ) 

P-56 

0.45 

r 

W-33 

0.7 

W-38 

1.0 

P-81 

2.0 

J-74 

3.0 

J-67 

0.2, 

Hr) 

W-29 

0.45 

W-34 

0.7 

W-63 

1.0 

J-78 

2.0 

J-73 

3.0 

J-68 

0.2, 

h_> 

W-28 

0.45 

r 

W-35 

0.7 

T-78 

1.0 

P-79 

2.0 

W-105 

3.0 

J-69 

r 


Date  of 
Measure¬ 
ment 


9/13/64 

12/13/64 

11/3/64 

7/22/64 

12/14/64 

7/23/64 

7/15/64 

9/26/64 

9/5/64 

11/4/64 

9/7/64 

9/6/64 

9/6/64 

5/11/64 

5/11/64 

5/12/64 

5/12/64 

4/24/64 

5/22/64 

9/26/64 

9/5/64 

9/5/64 

11/5/64 

9/6/64 

9/6/64 

9/5/64 

9/5/64 

11/4/64 

9/7/64 

9/6/64 

9/6/64 

9/5/64 

9/5/64 

12/13/64 

11/5/64 

12/14/64 

9/6/64 


B-3 


Fig. 

No. 

3.2) 


3.27 


3.28 


3.29 


Measure 

nent 

Measurement  Parameters  Number 


1^  -  FB  (25.5,  V,  21 


1^  -  Fg  (25.5,  V,  40 


1^  -  Fb  (25.5,  V,  80 


1^  -  Fg  (25.5  H,  13, 


0.2, 

L-76 

0.4 

r 

P-70 

0.6 

L-88 

1.0 

P-83 

2.0 

L-162 

3.0 

J-98 

4.3 

L-161 

6.7 

L-159 

19.0 

L-141 

0.2, 

H_) 

W-64 

0.4 

r 

L-102 

0.6 

P-115 

1.0 

P-118 

2.0 

J-89 

3.0 

B-62 

4.3 

P-136 

6.7 

L-157 

10.5 

J-120 

14.2 

J-129 

19.0 

L-151 

0.2, 

Hr) 

W-64A 

0.4 

r 

L-103 

0.6 

P-114 

1.0 

W-85 

2.0 

J-90 

3.0 

J-97 

4.3 

P-137 

6.7 

L-158 

10.5 

J-122 

14.2 

J-128 

19.0 

L-150 

0.2, 

h_) 

W-68 

0.4 

r 

L-100 

0.6 

L-107 

1.0 

W-77 

2.0 

J-91 

3.0 

P-106 

4.3 

P-145 

6.7 

L-160 

10.5 

J-113 

14.2 

L-137 

19.0 

L-140 

B-4 


Date  of 
Measure¬ 
ment 


10/'8/64 

10/14/64 

10/15/64 

11/5/64 

12/16/64 

11/11/64 

12/16/6^ 

12/15/64 

12/12/64 

11/15/64 

11/19/64 

11/22/64 

11/25/64 

11/9/64 

11/13/64 

11/29/64 

12/15/64 

10/12/64 

12/11/64 

12/12/64 

11/15/64 

11/19/64 

11/22/64 

11/24/64 

11/9/64 

11/11/64 

11/29/64 

12/15/64 

12/10/64 

12/11/64 

12/12/64 

11/15/64 

11/19/64 

11/23/64 

11/24/64 

11/9/64 

11/10/64 

11/29/64 

12/15/64 

12/10/64 

12/11/64 

12/12/64 


Measure¬ 

Date  of 

Fig. 

ment 

Measure¬ 

No, 

Measurement  Parameters 

Number 

ment 

3.30 

*1  -FB 

(25.5,  H,  40,  0.2,  H  ) 

W-58 

10/6/64 

0.4  r 

P-69 

10/14/64 

0.6 

L-87 

10/15/64 

1.0 

P-84 

11/5/64 

2.0 

P-92 

11/8/64 

3.0 

P-111 

11/10/64 

4.3 

P-140 

11/29/64 

6.7 

L-156 

12/15/64 

10.5 

J-119 

12/10/64 

14.2 

L-134 

12/11/64 

19.0 

L-147 

12/12/64 

3.31 

S  "  fb 

(25.5,  H,  80,  0.2,  H  ) 

W-67 

11/15/64 

0.4  r 

L-101 

11/19/64 

0.6 

L-105 

11/23/64 

1.0 

W-82 

11/24/64 

2.0 

J-86 

11/9/64 

3.0 

J-94 

11/11/64 

4.3 

P-139 

11/29/64 

6.7 

T-54 

12/2/64 

10.5 

J-118 

12/10/64 

14.2 

L-133 

12/11/64 

19.0 

L-146 

12/12/64 

3.32 

(50,  V,  13,  0.2,  H  ) 

L— 80 

11/16/64 

0.4  r 

W-123 

11/18/64 

0.6 

L-166 

11/23/64 

1.0 

B-59 

11/24/64 

2.0 

P-87 

11/9/64 

3.0 

P-108 

11/10/64 

4.3 

T-37 

11/30/64 

6.7 

T-67 

12/3/64 

10.5 

J-112 

12/10/64 

14.2 

L-135 

12/11/64 

3.33 

S  “  fb 

(50,  V,  40,  0.2,  H  ) 

L-93 

11/16/64 

0.4  r 

J-110 

11/18/64 

0.6 

L-167 

12/16/64 

1.0 

W-79 

11/24/64 

2.0 

J-84 

11/9/64 

3.0 

J-93 

11/11/64 

4.3 

P-143 

11/29/64 

6.7 

T-66 

12/3/64 

10.5 

J-115 

12/10/64 

B-5 


Measure- 

Fig*  ment 

No.  Measurement  Parameters  Number 


3.34  I*  -  FK  (50,  V,  80,  0.2,  H  )  W-71 

0  b  0.4  r  J-109 

0.6  L-106 

1.0  W-78 

2.0  J-85 

3.0  J-92 

4.3  P-144 

6.7  T-65 

10.5  J-114 

14.2  L-131 

19.0  L-142 

3.35  L.  -  Fn  (50,  H,  13,  0.2,  H  )  L-79 

b  B  0.4  r  P-153 

0.6  P-72 

1.0  B-60 

2.0  T-43 

3.0  P-107 

4.3  T-38 

6.7  T-68 

10.5  J-lll 

14.2  L-136 

19.0  L-138 

3.36  L.  -  Fn  (50,  H,  40,  0.2,  H  )  L-95 

^  B  0.4  r  J-108 

0.6  L-109 

- -  1.0  W-81 

—  2.0  J-87 

3.0  J-96 

4.3  P-141 

6.7  T-64 

10.5  J-117 
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